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AMBROSE SWASEY 
1846-1937 

BY DAYTON C. MILLER 

Ambrose Swase}*, engineer, scientist, philanthropist, was born 
in Exeter, Xew Hampshire, on December 19, 1846 ; he died at 
the old homestead on the farm where he was born on June 15, 
1937, aged 90 years and 6 months. 

A group of pioneers, four hundred in number, including four 
non-conformist clerg3mien, came from old England to New 
England in the spring of 1629. John Swase}^ founder of the 
Swase}" famih" in America, and his two sons, Joseph and John, 
Jr., presumabh’ were members of this group and the\^ settled in 
Salem, Massachusetts.^ The Governor of Salem, John Endecott. 
in this time of religious intolerance, showed great bigotry and 
harshness and expelled all Baptists, Episcopalians, and Quakers. 
John Swasey, being of the latter faith, w^as obliged to leave, 
about 1650, going to Satauket and later to Southold on Long 
Island. Joseph Swasey" (second generation) the eldest son of 
John Swasey, remained in Salem and followed the humble oc- 
cupation of fisherman. Joseph was one of the charter members 
of the first church organized in Salem, in 1629, this being the first 
Congregational Church in America. This Joseph Swasey had 
a son named Joseph (third generation) born in 1653 in Salem. 
The further line of descent is: Joseph, born in 1685, in Salem; 
Ebenezer, born in 1727, in Old Newbur^^ Massachusetts; 
Ebenezer, born in 1758, in Old Newbury; Nathaniel, born in 
1800, in Exeter, New Hampshire. 

Ambrose Swasey, the son of Nathaniel and Abigail Chesley 
Peavey Swasey, born in Exeter, New Hampshire, December 19, 
1846, was the ninth in the family of ten children, seven sons 
and three daughters. Seven of the children lived to maturity, 
and reached ages of 30, 63, 69, 75, 76, 84, and 90 years. 

The father, Nathaniel Swasey, who lived 90 years, '‘loved the 
work of farming” ; he was active in the affairs of his native 

^Benjamin Franklin Swasey, Genealogy of the Swasey Family, Cleve- 
land, Ohio, Privately printed, 1910, 525 pages, with portraits and illustra- 
tions. 
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town, Exeter, and was elected to the Board of Selectmen in 
1847-1848: in 1852 he introduced the first practical mowing ma- 
chine in his county; his farm was developed and enlarged until 
it contained 250 acres. In addition to the training in the public- 
schools, he received private tuition from a member of the faculty 
of Phillips Exeter Academy. His favorite studies were arithme- 
tic, astronomy, ancient history, literature and poetry. 

The mother, ^Abigail Peavey Swasey, died at the age of 77 
years. ‘^She was of a cheerful disposition and possessed refined 
manners ,* she loved above all else her home and children ; she 
was an exemplary Christian and strove to inculcate in the minds 
of her children the importance of a religious life.” Together 
with her husband, she joined the Baptist Church in 1840. 

Ambrose Swasey once said, ^^All my brothers and sisters went 
to academies or colleges, but my only schooling came from the 
little country grammar school” at Exeter. However, his re- 
markable career is incontestable evidence that his real education 
continued without abatement throughout his life. Seven uni- 
versities recognized his scholarly attainments l)y conferring 
honorary degrees, one ‘'Doctor of Engineering,” three ‘'Doctor 
of Science” and three "Doctor of Laws”. 

There were no mechanical toys when Ambrose was very 
young but he soon learned to make his own. Mother’s old 
spinning wheel and his jack knife helped in making a fla.x wheel. 
The old attic was his workshop and there he set up an improvised 
lathe. Then he made a working model of a mowing machine 
which is still in existence. Boys on old New England farms all 
had duties and Ambrose was in charge of the sheep and lambs 
which he loved and gently cared for. Pie was inter(‘vSted in 
music and played the flute. When he was eighteen years old, in 
1865, his bent for machines and mechanical instrument.s i>re- 
vailed, and he decided to enter upon a three-year ap])renticcship 
in the newly establi.shed Exeter Machine Works. 

Another young man of the same age as Ambrose vSwasey, 
Worcester Reed Warner, born in Cummington, Massachusetts, 
in 1846, had no liking for farming as a life work and in 1865 he 
secured his first employment in the draughting room of the 
American Safety Steam and Engine Company of Boston. A few 
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months later the company transferred its work to Exeter, New 
Hampshire, and Warner went with them ; he then entered upon 
an apprenticeship in the same shop where Swasey was working. 
The two enthusiasts soon became warm friends. As Ambrose 
started ahead of Worcester in the apprentice work, he finished 
first, and then to widen his experience he went to Paterson, 
New Jersey, to enter the employ of the Grant Locomotive Works. 
He soon found the work unsuited to his inclinations and perhaps, 
too, a bit of homesickness hastened his return to Exeter. Once 
again the two young friends spent the winter working in the 
shop, living and studying together, and planning for the future. 

After Worcester Warner had completed his apprenticeship, 
the two young men started out to make their fortunes. In the 
spring of 1869 they wrote letters to four large manufacturing 
concerns, seeking positions as machinists, and received offers of 
positions from all four companies. As was to be expected, they 
chose to accept offers from the same concern, the Pratt and 
W^hitney Company of Hartford, Connecticut, manufacturers of 
precision tools and machinery. After their first day’s work, 
Warner remarked to Swasey, “Well, Ambrose, we have a very 
difficult job; there must be fi\"e hundred men ahead of us.” 
However, they soon attracted attention by their special abilities 
in solving mechanical problems, and were advanced in rank so 
that the number of men ahead of them decreased. 

In 1875 Ambrose Swasey received his first patent for the 
invention of an improved protractor for measuring angles 
with extreme accuracy. Thus is recorded one of the prominent 
characteristics of his entire life, the attainment of truth and 
precision. In the same year, a second patent was issued to him 
for an improved water meter. 

In 3 878, at the age of 32 years, Mr. Swasey was made super- 
intendent of the gear cutting department of the Pratt and 
Whitney Company. He spent long evenings in his room study- 
ing books on machinery ; his mechanical genius rapidly developed 
improvements in shop methods and eventually, in 1879, lead to 
the design and construction of the Epicycloidal Milling Machine 
for producing true theoretical curves from which cutters for 
gear teeth are made. He invented also a new gear-cutting 
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machine for generating and at the same time cutting the teeth 
of spur gears, the process being a solution of the difficult 
problem in the interchangeable system of glaring. 

Ambrose Swasey’s breadth of knowledge, both practical and 
theoretical, was recognized in high places for, in 1879, he was 
visited at his work in the shop by a college official who offered 
him the position of Instructor in Mechanic Arts at Cornell 
University as the successor of Professor John E. Sweet. It was 
one of the greatest surprises of his life — that he, a youngster 
without college training, should be urged to enter upon such a 
career. He modestly underrated his own ability and the breadth 
and value of the training to be had in the old machine shops 
where men found joy in good workmanship, and in the training 
he had received on his father’s fine old New England farm. He 
declined the invitation from Cornell University. 

After eleven years with the Pratt and Whitney Company, in 
the spring of 1880, the two friends, Worcester Reed Warner 
and Ambrose Swasey, decided to go into the machine-tool liusi- 
ness for themselves, in Chicago, under the firm name of 
WARNER & SWASEY, their initial investment being their 
combined savings up to that time, five thousand dollars. Four 
young men of Connecticut, George C. Bardons, William S. 
Lane, George D. Phelps, and Frank H. Woods, went with them 
and formed the nucleus of the new organization. After an 
experience of one year it appeared that this location was too 
far removed from the industrial east where their products were 
mostly used and from which they obtained supplies and skilled 
labor. They chose Cleveland, Ohio, as the location for their 
business, and early in 188 £ Mr. Warner went to Cleveland to 
supervise the construction of their new shop on the site occu- 
pied hy a portion of their present plant. On July 8, 1881, Am- 
brose Swasey came to Cleveland to join his partner; lie was 
destined to become one of the city’s most useful, most loved and 
most honored citizens. 

The first order received by Warner and Swasey was for 
twelve hand lathes, from the Crane Company of Chicago, Ma- 
chines for milling the cams of sewing machines were designed 
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and constructed ; vertical milling machines for die sinking and 
similar purposes were made in large quantities. An important 
development was a horizontal boring machine. Later much 
attention was given to highly specialized brass-working machine 
tools. The turret lathe was destined from the beginning 
to be the principal product of the company. With the rapid 
growth of the modern method of interchangeable parts, a stand- 
ard line of turret lathes was developed. The introduction of 
turret lathes in European countries, in unprecedented quantities, 
brought about further specialization in the product and a marked 
increase in production. 

The business grew ; but not as fast as might have been. These 
men were not primarily interested in mass production and mere 
money making. Mr. Swasey once said: “If we double our 
production, we must double the size of our shops. Then Warner 
and I would no longer be cheerful on top of our job, but would 
be bowed down beneath its burdens. As things now are, we have 
leisure to satisfy our individual fondnesses for fine mecha- 
nism, leisure to travel and to look about us, to pass some 
time with our friends and have time really to enjoy the good 
things of life.’^ 

The two men were so absorbed in designing and making fine 
machines, and their mutual trust was so great that they did 
not take the trouble to draw up a written agreement of partner- 
ship until the year 1900. In this year they organized and in- 
corporated The Warner and Swasey Company. The company 
has branch offices in twelve cities in the United States and has 
three agencies in Canada and thirteen agencies in foreign coun- 
tries, including Australia, Japan and India. 

In his youth Worcester Warner found especial delight in the 
stttdy oT astronomy; his mother was a lover of books and a 
woman of exceptional intelligence, and gave him encouragement. 
I le made a simifie telescope with such means as were available. 
During his apprenticeship he continued his investigations and 
experiments, and later, in Hartford, in his leisure hours, he 
constructed a mounting for a portable telescope. This proved 
to be such a success that he built a still larger and more powerful 
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instrument. He drew his inspiration from such books as 
Jlitchell’s ‘‘Planetary and Stellar Worlds and Burritt s Geog- 
raphv of the Heavens.” 

Worcester Warner’s enthusiasm for astronomy was absorbed 
and radiated by his companion and partner. Ambrose Swasey. 
During the few months when they were located in Chicago, they 
received orders for several small telescopes, such as had previ- 
ousl}’ been made for their own use. It seems a most fortunate 
circumstance for the world of science that these two men, Am- 
brose Swasey and \\''orcester R. Warner, should have associated 
as partners. Although the making of astronomical instruments 
was not included in their original plans, yet Mr. Warner s inter- 
est in astronomy, combined with Mr. Swasey s exceptional ability 
as a mechanical engineer, very naturally led them to apply their 
facilities to the construction of astronomical instruments. 

Early in i88i, in their Chicago factory, Warner and Swasey 
completed their first real astronomical telescope, an equatorial 
mounting of new design, for a nine and one-half inch ol)ject 
glass. This telescope, upon the recommendation of Mr. S. W. 
Burnham of Chicago, famous for his observation.s of double 
stars, was acquired by Beloit College, Beloit, Wisconsin. This 
first telescope gives evidence of Mr. Swasey ’s inherent charac- 
teristics in designing, efficiency, precision, and “architectural” 
beauty. 

In 1882, a revolving dome, forty-five feet in diameter, was 
constructed to cover the 26-inch refracting telescope of the. 
Leander McCormick Observatory of the University of Vir- 
ginia. This dome represented marked improvements in design, 
as regards the operation of the shutter and the rotation of tlie 
structure. It moves with such case that it may l)e revolved 
by the pull of one hand on the rope. 

The design and construction of the Lick telescope was epoch 
making both m the science of astronomy and in the careers of 
Mr. Swasey and Mr. Warner. An authoritative account of the 
significance of this event was given l)y Dr. W. W. Cam])bell, 
President of the University of California and Director of the 
Lick Observatory, on April 23, 1924, when the American Society 
of Mechanical Engineers conferred the John Fritz Medal upon 
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Mr. Ambrose Swasey.^ Extracts from this address are here 
given : 

‘‘Dr. Ambrose Swasey’s introduction to astronomy and astron- 
omers occurred under unique and interesting conditions. In 
1874, just 50 years ago, James Lick, a Pennsylvanian by birth 
and a Californian by adoption, gave to a Board of Trustees of 
the University of California the sum of $700,000, ‘to provide 
for the construction of a telescope larger and more powerful 
than any in existence, and a suitable observatory connected there- 
with.* The Trustees commissioned Prof. Simon Newcomb to 
visit all established makers of optical glass, lenses, and telescope 
mountings to secure data and advice which would guide them in 
deciding upon the size and kind of telescope to be constructed. 
The final decision was in favor of a 36-inch refractor. The 
making of the glass in the rough was entrusted to Feil & Son of 
Paris. The figuring and polishing of the glasses was undertaken 
by Alvan Clark & Sons, of Cambridgeport (now Cambridge), 
Massachusetts. 

“There remained the extremel}" important question of the 
mechanical mounting of the telescope. The Trustees invited 
tenders of designs and bids, and several firms in Europe and 
America complied. The list included the leading builders of 
telescopes and one recently established firm, Warner & Swasey, 
of Cleveland, Ohio, then unknown to astronomers. The several 
plans were given consideration by experienced astronomers and 
engineers, as befitted the high responsibility, and by unanimous 
decision of the Trustees the award went to Warner & Swasey. 
It is worth noting that theirs was the highest of all the bids, but 
their design was so clearly the best that the firm’s inexperience in 
constructing telescope mountings was not permitted to influence 
the decision. 

“In due time, in 1888, the James Lick telescope was erected on 
Mount Hamilton in California, fifty miles south of San Fran- 
cisco, and put into commission. It was immediately satisfactory 
and successful in all of its parts and as a whole. In power and 
applicability it surpassed the expectation of astronomers every- 
where. It immediately became, and for more than two decades 
remained, the leading astronomical instrument of its time. The 
liearings which guide its movements are so perfect that, although 
it weighs many tons, it can be swung easily from one position 
to another hy hand. For 33 years I have made personal use of it 


'^Mechanical Enejinceriny, 46, 368 (June, 1924). Edward S. Holden, 
The Sidereal Messenger, 7, 49-65 (1888), Simon Newcomb, Harper's 
Monthly, 70, 309-406 (i 885 ). 
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and my admiration for its design and workmanship has re- 
mained' unabated. The instrument has been used through every 
good night in the last 36 years, save possibly half a dozen nights 
when the dome or some detail of the telescope mechanism was 
undergoing repair, and it works as well today (1924) 3-S it did 
in 1S88.” 

The plans for the Lick telescope called for an instrument to 
be used not only for visual observations but also for photo- 
graphic and spectroscopic researches, specifications which were 
involved for the first time in the design of a large telescope. Mr. 
Swasey’s design was novel and original and included polar and 
declination axes of steel with ball bearings and improved counter- 
balancing, besides many conveniences for the operation of the 
giant telescope. 

ilr. Swasey went to Mount Hamilton in November, 1887, 
to supervise the erection of the telescope on the completed 
masonry foundation. The steel tube of the telescope is about 
57 feet long. The 36-inch objective was mounted on the end 
of the tube by its maker, Alvaii Clark, Junior, on December 3r, 
1887, much perturbed when it was discovered that 

the focal length of the objective was six inches less than was 
specified in the order. Mr. Swasey soon relieved Mr. Clark’s 
anxiety, and the next morning he proceeded to cut six inche.s off 
the lower end of the tube with a hack saw and to refit the 
breech block. On January 3, 1888, the telescope was first used 
to observe the star Aldebaran and the great Nebula in Orion, by 
Captain Richard H. Floyd, chairman of the Lick Trust, Mr. 
Swasey, Mr. Alvan Clark, Jr., and astronomer James E. Keeler. 
The performance of the telescope was highly satisfactory. 

The Lick telescope proved to be so efficient that the United 
States Government, in 1893, commissioned Warner & wSwasey 
to provide an entire new mounting for the 26-inch objective lens 
belonging to the United States Naval Observatory in Washing- 
ton, and to equip the observatory with an elevating floor and a 
new dome. 

The next great telescope of Mr. Swasey’s design is the 40-inch 
refracting telescope of the Yerkes Observatory of the University 
of Chicago, located at Williams Bay, on Lake Geneva, Wiscon- 
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sin, together with the revolving dome ninety feet in diameter and 
the elevating floor seventy-five feet in diameter with a rise and 
fall of twenty-five feet. The telescope mounting was exhibited 
at the World's Columbian Exposition in Chicago in 1893, and 
was mounted in the observatory in 1896. The objective lens of 
this telescope, as that of the Lick telescope, was made by Alvan 
Clark & Sons. 

The lines of the mounting of the Yerkes refracting telescope 
follow generally those of the Lick telescope, and, like the latter, 
it has functioned perfectly. These two great refractors, the 
largest in the world, were, to a greater extent than the later 
telescopes, peculiarly Mr. Swasey’s own design in both form 
and mechanism, and mark a great advance not only in accuracy 
and mechanical performance but in beauty and harmony of line. 
All of Mr. Swasey’s designs, whether of machine tools, scien- 
tific instruments or telescope mountings, were characterized on 
the one hand by the simplest possible mechanism to achieve the 
desired purpose, by absence of purposeless ornamentation, by 
suitable strength and ruggedness where required, and on the 
other hand by smoothly flowing, pleasing lines, and harmony 
and beauty of form. Mr. Swasey was unequalled in combining 
engineering requirements with a real artistic sense of symmetry 
and proportion. 

The Lick telescope completed in 1888, with an objective lens 
36 inches in diameter, and the Yerkes 40-inch telescope mounted 
in 1896, were then, and have remained, the largest refracting 
telescopes in the world. The emphasis of astronomical research 
has since changed from visual to photographic observation in 
which light-gathering power is more effective than magnifying 
power, and because of both optical and mechanical advantages 
the reflecting type of telescope has been adopted for instruments 
of larger size. Mr. Swasey took an active part in the design of 
the new type of telescope. 

The first large reflecting telescope constructed by the Warner 
& Swasey Company, having a mirror 72 inches in diameter, was 
for the Canadian Government Observatory, near Victoria, British 
Columbia. This instrument, and the covering dome and observ- 
ing bridge, completed in 1916, has numerous improvements in 
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the mounting and operating mechanism, all designed by Mr. E. P. 
Burrell, Works Engineer of the company, whose untimely death 
preceded that of Mr. Swasey by only four months. The 72-inch 
mirror and the optical accessories for this telescope were made 
by the John A. Brashear Company, Ltd., of Pittsburgh. Dr. 
J. S. Plaskett, who was the Director of the Observatory for 
twenty years, in his memoir * of Mr. Swasey says : 

“The beautiful lines of this mounting, unequaled in either 
earlier or later telescopes, and the symmetry and harmony of 
the design, were due to the pgineering artistry of_ IMr. SwaseJ^ 
who possessed a real genius in mechanical design with the l)eauti- 
ful and satisfying in appearance. This telescope set a new 
standard in accuracy, convenience and speed of operation, amply 
confirmed by the quality and quantity of the work produced in 
its twenty years of operation.” 

A mounting for a 60-inch reflecting telescope and covering 
dome for the Argentine National Observatory at Cdrdoba was 
completed in 1922, and a 69-inch reflector with dome was made 
in 1923 for the Perkins Observatory of Ohio Wesleyan Univer- 
sity at Delaware, Ohio. The optical parts of these telescopes 
were provided by J. W. Pecker, successor to the John A. Bra- 
shear Company. 

At the time of Mr. Swasey’s death there was nearing com- 
pletion an 82-inch reflecting telescope, the largest and most ad- 
vanced instrument yet constructed by the Warner & Swasey 
Company, for the McDonald Observatory of the University of 
Texas, located on Mount Locke, near Fort Davis, Texa.s. The 
company carried out in its own shops the grinding and figuring 
of the mirror and the optical accessories of a telescope for the 
first time, in connection witli this instrument. The well-known 
optician, C. A. Robert Lundin, here accomplished the mo.st 
accurate parabolic mirror ever constructed. The completed 
mounting was erected in the shops of the company and Mr. 
Swasey's friends gathered around this masterpiece of mechanical 
design on December 19, 1935, in celebration of his eighty-ninth 
birthday, doing honor to him and to the men whose skill he had 

® J. S. Plaskett, Monthly Notices, The Royal Astronomical Society, 98, 
258-262 (1938). 
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helped to develop. The casting and annealing of the glass disk 
was completed by the Corning Glass Works in October, 1934. 
The grinding and figuring of its reflecting surface at the Warner 
& Swasey optical shop extended over four years to October, 
1938. Dr. J. S. Plaskett, retired Director of the Dominion 
Astrophysical Observatory, acted as scientific consultant on this 
project. He remarks, ‘‘It can safely be stated that the quality 
of the 82-inch mirror of the McDonald Observatory is unequalled 
by any mirror previously made and tested/’ The formal dedi- 
cation of the Observatory took place on IMay 5, 1939. 

Mr. Swasey himself considered that his greatest achieve- 
ment in the design of precision mechanism is the dividing 
engine for graduating circles, which was completed in 1898. 
This machine automatically graduates circles of any diameter 
up to forty inches, in degrees and minutes of arc, for use 
on astronomical meridian circles and transits for the deter- 
mination of fundamental star places, and for instruments used 
in geodetic surveying. Precision is of supreme importance. 
The maximum error in the readings of the master circle is 
less than one second of arc, which ranks this engine as among the 
most precise of its kind in the whole world. There are 1,296,000 
seconds in a complete circle; in a circle forty inches in diam- 
eter this machine does not make an error greater than 1/ 12000 
of an inch. The graduations on the inlaid silver band of the 
master circle of the dividing engine are so fine that they can 
scarcely be seen with the naked eye, yet the width of each 
line is twelve times the maximum error of the angular values 
which the engine produces automatically. Another descrip- 
tion of the precision is that if the circle were enlarged to a 
diameter of six miles, no graduation would be out of its 
correct position by as much as. an inch. In such an engine 
it is essential that* the spindle carrying the master plate shall 
accurately fit into its bearing, and that the worm gear on the 
circumference of the plate and the screw for rotating the plate 
shall be perfect. Mr. Swasey was ably assisted in the machine 
work by Mr. Gottlieb L. Pecker as superintendent of the 

* J. S. Plaskett, The Astrophysical Journal 89, 84-98 (1939)- 


II 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — VOL. XXII 


Instrument Department. Professor Edward W. Morley, of 
Western Reserve University, carried out the calibration of 
the circular graduation and verified the corrections to the screw 
and gear of the master circle. The circles for the large merid- 
ian circle of the United States Naval Observatory at Wash- 
ington were graduated on this engine, and were found to be 
the most precise till then made. 

At the time of the conferring of the John Fritz Medal, 
in 1924, Major General William Crozier, former Chief of 
Ordnance, United States Army, said: ‘T may have been 
fortunate enough to make some contribution in the service of 
the Army, not the least has been . . . the military discovery 
of Mr. Swasey; he is an engineer whose military services 
are worthy to rank beside those he has rendered the civil 
and scientific world. The first thing of which I shall speak 
is the instrument officially known as the Swasey Depression 
Position Finder.'''^ Warner and Swasey provided an instru- 
ment of this type meeting the requirement that it should show 
at once not only the range of a vessel at sea, but also the range 
and direction from each of several gun positions, variously 
placed. Another instrument of original design, produced under 
the personal direction of Mr. Swasey, is the ^‘azimuth instru- 
ment/’ useful in seacoast defenses. Among the many kinds 
of equipment for use in the field are range finders of several 
types, gun-sight' telescopes, commander’s telescopes, telescopic 
musket sights, and prism binoculars. During the World War 
the Government required three important instruments from the 
company, telescopic musket sights, naval gun sights, and jiano- 
ramic sights. The latter instrument is used for the dircclion 
of field artillery fire, and, during the period of greatest stress, 
was placed first in priority of all fire-control instruments for 
both the Army and the Navy. The panoramic sight was 
produced in a manner and on a scale so satisfactory that tlie 
Government awarded a Certificate of Merit, which was accom- 
panied by the following citation by the Chief of Ordnance: 

'‘United States Superintendent of Documents, Dociimcnl Catalof/uCt 
Vol. 7, pages 1060-1069 ; Vol. 9, pages 1336-1349, 5 plates. 
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‘'For exceptionally rapid development of manufacturing 
methods and quantity production on a vast scale of Panoramic 
Sights/’ 

Mr. Swasey traveled extensively in America and abroad; 
with ]\Irs. Swasey he made two trips around the world, west- 
ward in 1902-1903 and eastward in 1910-1911; he visited 
various Oriental countries in 1916; he made several trips to 
Europe. 

On their second journey around the world 'Mr, and !Mrs. 
Swasey visited China, for the second time, in January, 1911, 
and were impressed with the importance of religious and edu- 
cational activities. At Swatow, China, he built for the Bap- 
tist ^Missionary Society a beautiful gateway arch and a high- 
way leading from Swatow harbor to the mission. The gate- 
way has been named “Swasey Arch.’’ 

In 1913, after Mrs. Swasey’s death, Mr. Swasey presented 
a Y. il. C. A. building to Canton Christian College (now 
Lingnan University) as a center of religious activities ; the 
building contains a library, auditorium, club rooms, bowling 
alley, and other suitable equipment. 

In 1916 Mr. Swasey presented a Science Building to the 
University of Nanking, China, and he received an urgent 
invitation to be present at the dedicatory exercises to be held 
early in 1917. Accompanied by his intimate friend, Dr. John 
A. Brashear, and by Dr. John R. Freeman and his two sons, 
Hovey T. and John R., Jr., he sailed from Vancouver, December 
I, 3916, and landed at Yokohama on December 14. They 
journeyed across Japan atid to Korea and arrived in Seoul on 
December 18. On the next day they were received by the 
Governor of Korea and visited the Oriental palace of the earlier 
Kings. This occurred on the afternoon of December 19, 1916, 
which was Mr. Swasey ’s seventieth birthday. Without his 
knowledge an elaborate birthday dinner was arranged for the 
evening.® Several prominent men associated with the medical 
missionary and Y. M. C. A. work in Korea were invited. 

^John A. Brashear, Autobiography, edited by W. Lucien Scaife, page 
t8o, New York, 1924. John R. Freeman, Mechanical Enyincering, 46, 
360-370 (1924). 
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After the dinner a mock ceremony was arranged with pomp 
and splendor, using antique Oriental gannents, a gorgeous robe, 
a royal helmet, and a s\vord of state, centuries old; the rein- 
carnated .King, addressing Mr. Swasey, in giving the accolade 
said. “Rise, Sir Ambrose, Knight of the Kindly Heart.” The 
title thus bestowed has been approved by all who knew Mi. 

Swasey. . 

The party travelled through Korea to Northern China and 
to Peking. Here they visited the Great Wall, and especially the 
remarkable Chinese Observatory on the Inner Wall of Peking, 
which was established in the thirteenth century. Several very 
impressive astronomical instruments made in France in the 
seventeenth century were mounted there; at the close of the 
Boxer Revolution in 1900, five of the instruments were removed 
bv the Germans to the garden of the palace at Potsdam in 
Germany. Mr. Swasey took an active interest in the return 
of these instruments to their original foundations, in accord- 
ance with provisions of the Treaty of Versailles. 

The party journeyed onward, visiting Hankow and other 
cities, and to Nanking, arriving the day before the dedication 
of the Swasey Science Building, which occasion was the reason 
for the visit to China. This notable ceremony, which took 
place on January 12 , 1917, is described by Dr. Brasliear in his 
Autobiography. Eighteen congratulatory addresses were made, 
to which Mr. Swasey responded, expressing his pleasure in 
presenting the Science Building. Dr. Bra.shear adds: How 
strange it seemed to me to have come more than ten thousand 
miles from home, from the universities and schools I loved .so 
well, to a so-called benighted land, to find such a beautiful 
building dedicated to science, to truth-seeking among the 
mysteries and marvels of God’s universe!” The morning after 
the dedication, Mr. Swasey gave a brief address in the chapel. 
In the evening, the alumni association of the college held a 
banquet and after the banquet the party left for a night trip 
to Shanghai. They proceeded homeward by way of Manila, 
Hong Kong, Canton, Japan, Hawaii and San Francisco. 

In his travels Mr. Swasey had become much impressed by 
the romantic beauty and the legends of the Orient. Carved 
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ivories made an especial appeal. While crossing the Pacific 
Ocean in 1916 he arranged with a friend, who w’as a missionary 
stationed in Burma, to obtain a pair of elephant’s tusks. Five 
years later an exceptionally large and beautiful pair of tusks 
was secured, being four and a half feet long. A carefully 
chosen, artistic carver in ivory was commissioned to record a 
m}d:hological Buddhist story." The entire surface of each 
tusk is exquisitely carved with a conventional design, there 
being twenty deep recesses, in each of which is a carved scene 
of the legend. There is a large teakwood base, carved to cor- 
respond with the ornamentation on the tusks, to which the tusks 
are attached in an upright position, by means of carved silver 
mountings. The artist and his assistant worked continuously 
for more than a year to complete this work. In accordance 
with his wish, after his death, these tusks were presented to 
the Smithsonian Institution and are now on exhibition in the 
Asiatic Hall of the United States National Museum. 

Mr. Swasey received many formal honors, medals and 
degrees. In 1900 the Government of France conferred upon 
him the distinction of Chevalier of the Legion of Honor and 
in 1921 that of Officer of the Legion of Honor. 

The United Engineering Societies conferred the John Fritz 
Gold Medal and Certificate upon Mr. Swasey on April 23, 
1924; the certificate reads: “For his achievement as a designer 
and manufacturer of instruments and machines of precision, 
a builder of great telescopes, a benefactor of education, and 
the Founder of The Engineering Foundation.’’ This medal 
is the most distinguished honor that can be awarded in the 
engineering profession. This medal was first awarded in 1902 
to John Fritz, its founder; then to Lord Kelvin, George 
Westinghouse, Alexander Graham Bell, Thomas Alva Edison, 
and for the nineteenth award to Marconi, and to Mr. Swasey 
for the twentieth award. 

In 1930 the Cleveland Chamber of Commerce awarded the 
bronze medal and certificate to Mr. Swasey, “For distinguished 
service to the City of Cleveland.” 

^ Ambrose Swasey, “Carved Ivory a booklet of 41 pages, with many 
ilhistrations Privately printed, Qeveland, 1927. 
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In 1932 the Franklin Institute awarded the Franklin Gold 
]Medal and Certificate and also a Certificate of Honorary 
[Membership in the Institute, the highest award in its power 
to confer. The citation reads: ‘Tn recognition of his develop- 
ment of methods and his invention of appliances . . . and of 
his scientific vision in the establishment of The Engineering 
Foundation for the promotion of research and its application 
in the various fields of engineering.’’ 

In 1933 [Mr. Swasey was chosen by his fellow members of 
the American Society of Mechanical Engineers to receive the 
A. S, ]M. E. Medal “for distinguished service in engineering 
and science.” 

The Washington Award, a bronze tablet, was awarded in 
1935 to Mr. Swasey l)y a commission representing The 
American Society of Civil Engineers, The American Institute 
of Mining and Metallurgical Engineers, The American Society 
of Mechanical Engineers, The American Institute of Electrical 
Engineers, and The Western Society of Engineers. The 
award is *Tn recognition of devoted, unselfish and pre-eminent 
service in advancing human progress.” 

The Hoover Gold Medal was awarded to Mr. Swasey at 
a dinner in his honor in connection with the annual meeting 
of the American Society of Mechanical Engineers in New York 
on December 2, 1936, a few days before hi^ ninetieth l)irthday. 
This medal was perpetually endowed by Conrad N. T^auer, of 
Philadelphia, and had iDeen awarded only once i)rcviousIy, in 
1930, and then to Herbert C. Hoover, in honor of whom the 
medal is named. Mr. Hoover was pi*esent on the occasion of 
the award to Ivir. Swasey and gave one of the princi])al ad- 
dresses. The medal is awarded to a meml)er of the engineer- 
ing profession who, outside of and beyond ])rofes.sional duties, 
sets a high standard of leadership and performs clistingnislied 
public service. The award is determined l)y a joiiit hoard of 
re])resentatives of the four national societies of mechanical, 
civil, electrical, and mining and metallurgical engineering. 

On the occasion of the award of the rfoover Medal, on 
December 2, T936, Mr. Swasey was presented with the Medal 
of Honor of the ‘A’^erein Dcutscher Tngenieutc” of Germany. 
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The citation states: “Outstanding designer of machine tools, 
astronomical and optical instruments, the founder of an enter- 
prise which has gained w^orld-wide reputation, the great bene- 
factor of engineering research/’ The “enterprise” referred to 
is The Engineering Foundation. The citation was accompanied 
by a letter from the President of the German Society, stating 
that the presentation is in celebration of ]\Ir. Swasey’s nine- 
tieth birthday. 

When a new minor planet or “asteroid” is discovered, as- 
tronomers give it a serial number, and they also allow the 
discoverer the privilege of choosing a name for it. As a tribute 
to Mr. Swasey on his eighty-eighth birthday, December 19, 
1934, Dr. Otto Struve, Director of the Yerkes Observatory, 
who had discovered asteroid No. 922, gave it the name 
“Swaseya.” The a was added to the name in accordance with 
the tradition that all names of asteroids shall end with a. 

Seven academic institutions conferred honorary degrees 
upon Mr. Swasey. The degree of Doctor of Engineering, 
D. Eng., was conferred by the Case School of Applied Science 
in 1905, in recognition of his contributions to engineering and 
science which had been manifested in the designs of the Lick 
and Yerkes telescopes and of the precision dividing engine for 
circles. In 1910 Denison University conferred the Doctorate 
in Science, D. Sc., and in 1924 the University of Pennsylvania 
gave the same degree. The degree of Doctor of Laws, LL.D., 
was conferred by the University of California in 1925, by the 
University of Rochester in 1925, and by the University of 
New Hampshire in 1930. In 1931 Brown University awarded 
him the degree of Doctor of Science, D.Sc. 

The wide scope of the activities in which Mr. Swasey was 
interested and the esteem of his associates is manifested by 
the large number of learned and scientific societies of which he 
was a member. The more important of these societies, with 
the dates of election and mention of official positions are the 
following. The National Academy of Sciences, 1922; the 
American Philosophical Society, 1919; the American Astron- 
omical Society, 1918; the National Research Council, 1916, 
Patron ; the American Association for the Advancement of Sci- 
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ence, Fellow, 1934; American Society of Mechanical Engineers, 
Charter Member, 1880, Vice President, I900“i902, President, 
1904, Honorary Member, 1916; American Society of Civil En- 
gineers, Honorary jMeniber, 1921 ; American Institute of Elec- 
trical Engineers, Honorary Member, 1928; Cleveland Engineer- 
ing Society, 1882, President, 1894, Honorary Member, 1917; the 
Franklin Institute, Honorary Member and Medalist, 1932; New 
Hampshire Society of the Cincinnati, 1908, Honorary Member, 
1919. 

Mr. Swasey was elected a member of the British Astronomical 
Association, a society of active amateur astronomers, in 1897; 
in 1898 he was made a Fellow of the Royal Astronomical Society. 
He became a member of the Institute of Mechanical Engineers 
of Great Britain in 1898, and received Honorary Membership 
in 1921 ; in 1921 he was elected to Honorary Membership in the 
Institute of Mining Engineers of Great Britain. In 1921 the 
Societe des Ingenietirs Civils de France bestowed Honorary 
Membership. 

Mr. Swasey's list of honors is rivalled, indeed is exceeded, 
by the catalogue of his benefactions to religious organizations, 
to education, and to engineering and science. In the funeral 
oration at Exeter it was related that his first experience in giv- 
ing was to go into the woods with his brother, there to chop two 
cords of wood and haul it to the Baptist parsonage. He was 
very modest and unostentatious regarding his philanthropies, and 
only those of a necessarily public nature are known. Reference 
has already been made to his gifts in China, the Highway and 
Gateway to Swatow, the Y. M. C. A. building at Canton, tlie 
Science Building at Nanking, and to the Oriental carved ivory 
presented to the Smithsonian Institution. Mr. Swasey made 
further gifts in trust of $50,000 each to the Canton Christian 
College and to the University of Nanking, the proceeds to be 
used for current expenses. 

In 1899, Mr. Swasey and his partner, Mr. Warner, ])rc- 
sented a ioj4-inch refracting telescope with a revolving dome 
to Western Reserve University; this instrument is mounted 
on the building of the Laboratory of Physics. 
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In 1910, ilr. Swasey presented to Denison University a beauti- 
ful astronomical observatory, constructed of white Vermont 
marble, together with a 9-inch equatorial telescope and a 4-inch 
combined transit and zenith telescope. He also presented a com- 
plete file of the Proceedings of the Royal Astronomical Society 
of London. 

The Warner and Swase}’ Observatory of Case School of 
Applied Science, Cleveland, Ohio, was dedicated on October 12, 
1920. The observatory and the lo-inch refracting telescope 
are the gifts of Worcester R. Warner and Ambrose Swasey. 
In the presentation address Mr. Warner said in part: ‘^This 
telescope and dome are the ones that we had mounted between 
our residences in this city for twenty-five years, but they have 
been remodelled and all the improvements made since they were 
built have been embodied in the present instruments. The 
optical parts are the work of John A. Brashear. This telescope 
made a record years ago, for we exhibited it at the Paris Expo- 
sition in 1900. There were other telescopes exhibited from 
Germany, England and France, but this was the only instrument 
that received a gold medal.^’ Mr. Swasey said in part: '"Mr. 
Warner and I are often asked if building telescopes is our only 
business and sometimes I have answered that we get our money 
out of machinery and our glory out of telescopes. However, 
while the monetary reward may have been meager we have been 
amply compensated for all our astronomical work by the benefits 
we have received from the men of science with whom we have 
been associated at this work.’’ 

For the perpetuation of the gracious influence and memory 
of Mrs. Swasey, who died in 1913, Mr. Swasey established, in 
1 9^5, the Lavinia Marston Swasey Memorial Fund of $300,000 
for ministerial relief through the Northern Baptist Convention. 
In 1929 he contributed $100,000 to the fund for the construction 
of a Library Building for the Colgate-Rochester Divinity School. 

In 1916 Mr. Swasey made a contribution of $52,500 to the 
endowment fund of Denison University, Granville, Ohio. In 
June, 1922, he formally offered to ‘‘provide sufficient funds to 
erect and equip a Chapel of ample capacity, designed and located 
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in conformity with the plans prepared b\' the architect of Denison 
University.”’ The cornerstone was laid on November 4, 1922. 
The Chapel is an exceptionally beautiful example of Ae 
“colonial” style of architecture. The auditorium has a seating 
capacity of thirteen hundred persons. The gift, valued at more 
than $300,000, included a fine three-manual pipe organ and a 
memorial bell tower in memory of Mrs. Swasey, the tower 
containing a carillon of ten bells. 

ilr. Swasey was a Trustee of the Western Reserve Historical 
Society of Cleveland from 1912 till his death ; in 1920 he created 
a trust fund of $50,000 for the Society; he purchased and then 
presented to the Society for addition to its numismatic collection 
900 Greek and Roman coins, and 1500 specimens of coins of the 
Chinese Empire dating back to the world’s earliest metal coinage 
of about 800 years B.C.; he provided two especially designed 
steel cases for the numismatic collections. 

On his eightieth birthday, December 19, 1926, Mr. Swasey 
sent a letter to the President of Case School of Applied Science, 
as follows :® “For many years I have been greatly interested 
in your institution . . . and have been especially attracted to the 
Department of Physics . . . because of the work in scientific 
research. ... I have today set over ... one hundred thou- 
sand dollars ($100,000) as an Endowment for a Chair of 
Physics. . . .” 

Mr. Swasey was one of the founders of the American Society 
of Mechanical Engineers (1880) and served as President of the 
Society in 1904. For several years he considered how bc.st to 
assist his fellow engineers, through his own society or some other 
organization, in working out problems for which till then no 
means had been provided. After consulting friends competent 
to advise, in 1914, he anonymously proffered a gift of $200,000 
to the United Engineering Society. The gift was accejitcd 
and “The Engineering Foundation” was established as a cle- 
partment of the United Engineering Society, to admini.stcr thi.s 
fund, in the words of the donor, “for the furtherance of re.search 
in science and engineering or for the advancement in any other 

'\^cxcnce> LXV, 9 (1927). 
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manner of the profession of engineering and the good of man- 
kind.’’ « 

The original gift, made in 1914, was $200,000; to this IMr. 
Swasey added $100,000 in 1918, $200,000 in 1923, and $250,000 
in 1931 ; the sum of these gifts made in his lifetime is $750,000. 
After his death' it was disclosed that in 1923 he had begun to 
build up a trust fund for the further benefit of The Engineering 
Foundation. When this fund was delivered to the Foundation it 
amounted to more than $89,000, making the total of his gifts 
$839,000. He intended his contributions to be the nucleus of a 
larger endowment, to which others would contribute as the years 
passed. 

The National Academy of Sciences took steps in 1916 toward 
organizing for services to our country in war and in peace a 
body whose membership should embrace representatives of many 
sciences and arts. The National Engineering Societies promptly 
cooperated in the creation of the National Research Council. 
Money was lacking with which to begin operations and the 
Engineering Foundation met the emergency. This was the 
Foundation’s first notable undertaking, and it has continued to 
the present time its relationships with the Council. 

The founder societies in 1919 assisted the National Research 
Council in establishing its Division of Engineering and Indus- 
trial Research in the after-war reorganization. Some members 
of the Board of the Engineering Foundation are also members 
of the Division of the National Research Council. The Founda- 
tion has provided offices for the Division in the Engineering 
Societies Building, New York, since May i, 1919, and has co- 
operated with the Council in a number of research projects, 
including organization of Advisory Board on Highway Research, 
American Bureau of Welding and Personnel Research Federa- 
tion; fatigue (endurance) of metals, marine piling, molding 
sands for foundries, pulverizing of ores, cements and fuels, heat 
transfer and electrical insulation; also compiling a directory of 
research laboratories in the industries of the United States. 

“Alfred D. Flinn, Scicucc, 78, 424-428 (i933). The Engineering 
Foutidalion, Annual Report, 1936-1937, pages 12, 13, 20, 21, et seq. 
The Engineering Foundation, Otis Ellis Hovey, Tzventy-Fivc Years of 
Service, 1914-1939, 85 pages, New York, 1940. 
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Betterment of engineering education has been promoted 
through assistance to the Society for the Promotion of Engineer- 
ing Education in investigations of institutions, methods and 
needs, and its summer schools for engineering teachers. 

The adequate development of the work of the National 
Academy of Sciences and the National Research Council re- 
quired a building in Washington with proper facilities and of 
architectural impressiveness. An entire city block facing the 
^Mall near the Lincoln Memorial was selected for the site, and 
funds for the purchase of the land were raised by subscription. 
Mr. Swasey contributed $10,000 for this purpose. 

]\Ir. Swasey served the United States Government in various 
capacities. In 1907 he was a member of the National Board of 
Trade and held the office of First Vice President. In 1909 
President Theodore Roosevelt appointed him a member of the 
Assay Commission of the Government Mints, and President 
Taft appointed him to the same commission in 1913. From 1921 
to 1926 he served on the Board of Visitors of the National 
Bureau of Standards ; he took an active part in the selection of a 
Director of the Bureau in 1923. As a representative of the 
United Engineering Society and the Engineering Foundation 
he participated in the organization of the National Research 
Council in 1916 and was a member of its Division of Engineer- 
ing and Industrial Research till 1927 ; he served on various im- 
portant committees and was a Member at Large of the Execu- 
tive Board of the National Research Council, 1921-1927. 

Mr. Swasey was a member of the Jury of Awards of four 
important Expositions : the Tennessee Centennial Exposition, 
Nashville, 1897; the Pan-American Exposition, Buflfalo, iQOi; 
the Louisiana Purchase Exposition, St. Louis, 1904; and the 
Jamestown Tercentennial Exposition, Jamestown, T907, ))eing 
the Vice President of the Jury. 

In 1914, in celebration of one hundred years of ])eace between 
Great Britain and the United States, the British Peace Centenary 
Commission purchased Sulgrave Manor, a charming Tudor 
House, located in Northamptonshire, England, which liad been 
the home of George Washington’s ancestors, and made it a -per- 
manent memorial. The Sulgrave Institution was organized in 


22 



AMBROSE SWASEY MILLER 


this country to assist in obtaining a permanent endowment of 
$100,000 for the memorial. Mr. Swasey was a member of the 
Board of Governors and he contributed $1000 to this fund. 

The ]\Iuseum of the Peaceful Arts was organized in New 
York in 1927, being an International Industrial Museum illus- 
trating the progress of civilization from the earliest times to 
the present. Later, this museum became the New York Museum 
of Science and Industry. Mr, Swasey was a member of the 
Board of Trustees from 1927 till his death. 

In 1929 Mr. Swasey was appointed a member of the National 
Committee for the Benjamin Franklin Building and Endowment 
Fund of the American Philosophical Society, and he contributed 
$25,000 to this fund. 

Mr. Swasey was a member of the Baptist Education Society 
of the State of New York from 1928 and served as its President. 
He was a member of the Northern Baptist Convention and 
served on the Executive Committee and the Finance Committee 
from 1922, 

Mr. Swasey was a member of the Board of Trustees of Deni- 
son University, Granville, Ohio, from 1897 his death. He 
was President of the Board in 1922 ; in 1923 he resigned this 
office and was made Honorary President of the Board, which 
honor he held till his death. 

Mr. Swasey was a Trustee of Western Reserve University 
from 1908 to 1913 and from 1930 till his death, 1937; he was a 
Trustee of Adelbert College from 1926 till his death. 

Mr. Swasey was elected a member of the Corporation of 
Case School of Applied Science in 1922; and in 1929, upon 
the death of Worcester R. Warner who had been a member 
of the Board of Trustees of Case since 1889, Mr. Swasey 
was elected as his successor and continued a member of the 
Board till his death. 

Mr. Swasey was a member of the Board of Ti'ustees of Nan- 
king University, China, from 1924 till his death in 1937. 

Mr. Swasey was prominent in civic affairs in the city of 
Cleveland. He was a member of the Cleveland Chamber of 
Commerce since 1898, and served as its President in 1905. He 
w-as a Corporate Member of the Society for Savings Bank, and 
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for twenty-five years a Director of the Cleveland Trust Com- 
pany. He was President of the Caxton Building Company. 

iir. Swasey was a Trustee of the Cleveland Young Men's 
Christian Association from 1912 till 193 was President of 
the Board of Trustees in 1917 and 1918. 

Air. Swasey was a Trustee of the First Baptist Church of 
Cleveland and was Honorary President of the Board of Trustees 
from 1922 to 1937. He contributed $200,000 to the fund for 
the new church building in Shaker Heights. 

Air. Swasey was a Life Alember and a Past President of the 
New England Society of Cleveland and the Western Reserve. 

Air. Swasey became a member of the well-known book-lover's 
club of Cleveland, the Rowfant Club, in 1896 ; he served on the 
Board of Fellowes for the terms 1901-1904 and 1908-1914; he 
was President of the Club in the year 1912-1913. Mr. Swasey 
presented the Club with a medal in honor of John Hay; the 
medal was designed and executed by Victor David Brenner and 
one hundred and seventy exemplars were struck at the United 
States Alint in 1912, one exemplar being presented to each mem- 
ber of the Club. 

Air, Swasey and Mr. Warner appreciated the value of ihcir 
apprenticeship training and resolved to offer greater opportuni- 
ties in their own shops. In 1911 an Apprenticeship School was 
established under the direction of a regular Apprentice Instruc- 
tor. Besides organized shop work the apprentice receives four 
hours each week of classroom instruction in sul)jccts of direct 
practical value. For advanced and related sul)jects, the appren- 
tice is urged to attend one of several availal^Ic night schools. 
Through his official connection for many years with the Cleve- 
land Young Men’s Christian Association, Mr. Swasey wa.s able 
to provide exceptional opportunities to especially deserving 
young men of high character and ability. Alany of these ap- 
prentice graduates have come to positions of leader.ship and 
influence. 

Mr. Swasey was a member of various clubs, among which arc 
the Cosmos Club of Washington, the Union League Clul), the 
Engineers’ Club and the GroHer Club of New York, and the 
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Union Club of Cleveland ; of the latter club he was a Director 
and he served as President for two terms. 

Two and a half years after he became associated with the 
Pratt and Whitney Company, when he was nearly twenty-five 
years old, Mr. Swasey was married on October 24, 1871, to 
Lavinia Dearborn Marston, daughter of David Marston of 
Hampton, New Hampshire. Mrs. Swasey was reserved in man- 
ner, gracious, and deeply religious; she contributed in a large 
measure to his happiness and success. There were no children, 
^vlrs. Swasey died on January 22, 1913. Mr. Swasey left a fund 
of $30,000 in trust for the Congregational Church of Hampton, 
New Hampshire, in memory of Mrs. Swasey’s mother. 

The fine old farm, about a mile north of the town of Exeter, 
in New Hampshire, upon which Air. Swasey’s grandfather 
lived to the good old age of ninety-four years, and where his 
father spent his long life from 1800 to 1890, came into Air. 
Swasey’s possession, and he often went back to the old home- 
stead where he spent the happy days of his childhood and youth. 
The old home was modernized on a modest scale and in ex- 
cellent taste in 1903, and was occupied as a summer residence. 
Here Mr. Swasey died on June 15, 1937.^® 

On the western part of this estate there are two massive 
boulders rising to a height of ten feet, with flat surfaces on 
their adjacent sides, which have been used as an immense fire- 
place. This quaint upheaval of nature, in the early period 
of the town, was a resort for Indians, and later for vagabonds. 
In 1697 ^ of Indians used the rocks as a “fort"' from 

which to attack the town, and the name of ‘Tort Rock” has 
persisted. Mr. Swasey adopted the name “Fort Rock Farm” 
for his homestead and used this title on his stationery. 

” Immediately after Mr. Swasey’s death the following biographical 
articles appeared: W. W. Campbell, “Ambrose Swasey, 1846-1937,’’ 
Publications of the Astronomical Society of the Pacific, 49, 179-185 
(1937). Portrait. J. J. Nassau, “Ambrose Swasey, Builder of Machines, 
Telescopes and Men,” Popular Astronomy, 45, 407-418 (i937)- Portrait, 
6 illustrations; Joimial of Applied Physics, 8, 595-601 (1937)* J- S. 
Plaskett, “Ambrose Swasey, Engineer, Scientist, Philanthropist,” Journal 
of the Roval Astronomical Society of Canada, December, 1937, pages 
409-416. Portrait. ‘‘Obituary Notice of Ambrose Swasey,” Monthly 
Notices of the Royal Astronomical Society, 98, 258-262 (1938). 
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]\Ir. Swasey was always deeply interested in the welfare of 
his native town of Exeter, a small city of about 5000 inhabi- 
tants, located in the southeastern corner of New Hampshire on 
the Exeter River, about thirteen miles southwest of the sea- 
port, Portsmouth. He gave $50,000 to the endowment fund 
of the local hospital, and $25,000 to the Baptist Church of 
Exeter. He made further gifts to the church: the sum of 
$5000, a pipe organ which he did not live to hear played, and 
two memorial windows. In 1916 he presented a pavilion, lo- 
cated in the public square in the center of the town. The 
pavilion is an architectural gem of great beauty, designed by 
the eminent architect, Henry Bacon, of New York. It is 
constructed of pink Milford granite and white marble, with 
eight marble columns supporting the copper roof. There is 
a bronze plate with the signs of the zodiac, and a bronze 
chandelier, and bronze railings and gate. The pavilion may be 
used for public speaking and for band concerts. The gift also 
includes a granite watering trough set at one side of the Square. 
He gave $11,500 to the New Hampshire Society of the Cin- 
cinnati for the purchase of property for its ''home’' at Exeter. 

Mr. Swasey caused to be filled in and beautified a strip of 
swampland, several hundred feet wide, on the right bank of the 
Exeter River (formerly called the Squamscott River), ex- 
tending from the business center of Exeter, northerly al)Out a 
mile to the old homestead. Fort Rock Farm. This has been 
named "The Swasey Parkway." 

Mr. Swasey's active mind and optimistic spirit together with 
an unusually robust constitution enabled him to maintain a 
keenly intellectual and bodily activity until the end. In the 
summer of 1936 he visited his scientific friends in England. 
On the occasion of the presentation of the Hoover Medal in 
New York on December 2, 1936, a few days before his nine- 
tieth birthday, he took his full part in the ceremonies, including 
a l^rief speech expres.sing his thanks and appreciation for tlie 
honors bestowed upon him, and voicing the hope that the .ser- 
vices rendered to humanity by the engineering profession 
would be enlarged in scope with the passing of time. In Ai)ril, 
1937, he attended the meetings of the National Academy of 
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Sciences in Washington, an annual event which gave him 
great pleasure, where his friends, who enjoyed the privilege 
no less, greeted him with rare affection. Four weeks later 
he was confined to his home in Cleveland by a cold; upon his 
insistent request, on June 9, he was taken to his ancestral home. 
Fort Rock Farm, in Exeter, New Hampshire, where he died 
from pneumonia on June 15, 1937, aged 90 years, 5 months, 
and 26 days. The body was brought to Cleveland for funeral 
services held in the First Baptist Church on June 18; the body 
was returned to Exeter where services were held on June 19 
in the Baptist Church, and interment took place in the Exeter 
Cemetery where are buried the members of his family. 

The conclusion of an address by Mr. Swasey before the 
Franklin Institute following the presentation of the Franklin 
Medal, in May, 1932, expresses his oft-repeated sentiments. 
‘‘Man is never satisfied in his quest for knowledge . . . now 
turns to far distant galaxies. . . . May we not feel that the 
Creator of all things so fashioned the heavenly bodies and so 
directed their movements, that men of science might have 
opportunities for study, ... As the astronomer reaches out 
and out into the galaxies of the heavens, and the physicist and 
geologist delve deeper and deeper into the mysteries of the earth, 
the words of the Psalmist come to us with increasing significance, 
‘The Heavens declare the Glory of God and the firmament 
showeth his handiwork.' " 
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LIST OF PATENTS 

Ambrose Swasey 

165,519. Protractor— July 13, 1875. 

168,354. Water Meter — October 5, 1875. 

306,197. Running gear for revolving domes — October 7, 1884. (Warner 
and Swasey). 

585,894. Feed mechanism for screw-machines — July 6, 1897, (Swasey 
and Lucas). 

632,905- Turret lathe— September 12, 1899. (Swasey and Lucas). 
632,906. Turret operating mechanism — September 12, 1899. 

633»92S- Friction Clutch — September 26, 1899. (Swasey and Allen). 

642.884. Roller-Feed for screw-machine — February 6, 1900. (Swasey 

and Lucas). 

642.885. Roller-Feed for screw machine — February 6, 1900. 

670,213. Lathe-Chuck — March 19, 1901. 

677,288. Telescopic gun sight — ^June 25, 1901. 

737,794- Depression range-finder— September i, 1903. 

812,464. Optical instrument — February 13, 1906. (Swasey and Feckcr). 
^I5 j 657* Panorama-Sight— March 20, 1906. 
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819,948. Optical instrument — May 8, 1906- (Swasey and Fecker). 
820,998. Telescopic sight for firearms — May 22, 1906. 

851,706. Depression range-finder — ^April 30, 1907. 

861,3*31. Horizontal range-finder — 30, 1907. 

862.293. Telescope — ^August 6, 1907. 

862.294. Range-Finder — August 6, 1907. 

906,751. Sight device for firearms — December 15, 1908. 

959,179- Telescope — May 24, 1910. 

964,709. Sight for firearms — Julj' 19, 1910. 
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CALVIN BLACKMAN BRIDGES 
1889-1938 

BY T. H. MORGAN 

Calvin Blackman Bridges was born in Schuyler Falls, New 
York, on January ii, 1889, and died in Los Angeles, December 
193^- Kis father, Leonard Victor Bridges, who was brought 
up on a small farm near Plattsburg, married Charlotte Amelia 
Blackman in 1887, and Calvin was their only child. 

His mother died when Calvin was two years old. His father 
died a year later. The Grandmother Bridges had alread3’- brought 
up a large family but considered it her duty to take charge of 
Calvin. He went to a small district school when it was con- 
venient. When he was about 14 years old his grandmother in- 
sisted that he should be ‘‘educated,’' and he was allowed to go 
to Plattsburg. He was not ready for high school and had to 
spend two preliminary’ years in grammar school. He graduated 
from high school in 1909 when he was 20 y’ears old. He had 
made a fine record. During the years at Plattsburg he drove 
to school part of the time with neighbors and worked and lived 
much of the time in town. He worked as “printer’s devil” on 
the Plattsburg Press, and it was said “there is a 'boy who is 
going to amount to something.” When he had spare time he 
was always at his books, but he was a “regular boy,” good- 
natured and obliging. 

One summer during his high school years he worked on a 
geological survey of Valcour Island with Professor George H. 
Hudson of the Plattsburg Normal School. There is extant a 
letter by Professor Hudson written when Calvin applied for 
a scholarship at Columbia University in which he says : “He is 
in many respects a very remarkable young man. He has always 
kept on the honor roll of his school and yet read very exten- 
sively outside of the lines of his school work.” The list of the 
books he read, in Calvin’s handwriting, exists and it certainly 
covers a very wide range of subjects. Hudson also says : “He 
has the questioning mind, is apt in the forming of h3q)otheses 
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and quick to see when they are weak. His great desire is to 
undertake research work/’ 

At the end of his high school work Calvin was urged to try 
the regional examination for a four year scholarship at Cornell 
which he passed. He also took an examination for a one year 
scholarship at Columbia University and passed this also. Wish- 
ing to live near his aunt, Mrs. Billings, who lived in New Jersey, 
he accepted the Columbia scholarship. During his three years 
at college he received some aid from scholarships, but earned 
much of his living in other ways During one of the summers 
he tutored two young boys and during another he went ‘'on the 
road” to sell a book entitled "Standard Dictionary of Facts.” 

My first contact with Bridges was in 1909 when he took a 
course I gave in general biology and another in embryology 
(1910) ; and later, as a graduate student, a course in experi- 
mental zoology, largely devoted to genetics, and another course 
in experimental embryology. He attended also Professor E. B. 
Wilson’s course on The Cell. 

Bridges graduated (B.S.) from Columbia College in 1912. 
In the same year he married Gertrude F. Ives, and was survived 
by his wife and three children, Philip, Betsey and Nathan. 
From 1910 to 1915 he served as part-time assistant in my work 
on Drosophila. In the course of this work (Morgan atid 
Bridges 1913) certain exceptions turned up that Brid,i>es began 
to study intensively. In 1913 he published briefly his results 
under the title of "Non-Disjunction of the Sex Chromosomes 
of Drosophila”. A much more extended paper apjieared in 
1916 entitled "Non-Disjunction as Proof of the Chromosome 
Theory of Heredity”. This work, offered as his doctoral dis- 
sertation at Columbia University, included not only genetic evi- 
dence but corresponding evidence from a vStudy of the chromo- 
somes that tallied with the genetic results. This paper went far 
towards convincing skeptics and coiivServatives that chromosomes 
are the bearers of genetic factors. It is true there was alnindant 
evidence before 1916 showing that chromosome behavior fur- 
nishes an interpretation of heredity. It is today hard to believe 
that it was nearly ten years before this relation was generally 
accepted. 
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Sex-linked inheritance, as connecting genetic interpretation 
with known transmission of the sex chromosomes, had been 
established since 1910. The interpretation of crossing over, 
supported by less certain c}tological evidence, had also been 
advanced in 1910, and covered what seemed to be exceptions to 
Menders laws. Crossing over opened up a new field of research 
in inheritance, and for 30 years formed the basis on which 
much of Bridges' work rested. He greatly improved the tech- 
nique of locating the genes, and in the course of the following 
years he so thoroughly built up the genetic maps that these stand 
today as the most complete data we have on the location of the 
genes in the chromosomes. 

In 1915 I received a grant from the Carnegie Institution of 
Washington to carry on investigations in heredit}L Bridges and 
Sturtevant were appointed to undertake independent research 
work. For twelve years we three w’orked together in a small 
room in the Zoological Department of Columbia University. As 
the work on Drosophila ampelophila (as the vinegar fly was 
then called) became widely known, a succession of international 
fellows joined us, as well as some of the more advanced graduate 
students and fellows of Columbia University. It was not un- 
usual for six of us to carry on in this small room; the only 
space at our disposal. Those were the days when bananas were 
used as fly food and in one corner of the room a bunch of 
bananas was generally on hand — ^an adjunct to our researches 
which interested other members of the laboratory in a different 
way. As there were no incubators, a bookcase and a wall case 
were rigged up with electric bulbs and a cheap thermostat, 
which behaved badly at times, with consequent loss of cultures. 
The use of milk bottles came into the program at an early date, 
but where they came from was not known, or at least not men- 
tioned, At a^ later date we were bold enough to ask for a case 
of new bottles. 

This picture of the conditions under which we worked is not 
intended to suggest that we were handicapped. On the contrary, 
our proximity to each other led to cooperation in everything 
that went on. The discovery of a new mutant was immediately 
announced, and its location in the gene chain anxiously awaited. 
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The Carnegie group worked at Columbia University until 
1928, and from 1928 to 1938 at the California Institute of Tech- 
nology. The annual grants from the Carnegie Institution of 
Washington contributed greatly towards the success of the 
genetic work on Drosophila. 

The improvements that have gradually evolved have been to 
a large extent the outcome of Bridges^ unusual inventive faculty. 
The hand lens was replaced by a binocular microscope of his 
designing ; the wall cases have been supplemented by incubators 
with fans and expensive regulators; the banana has given place 
to a synthetic medium consisting of agar agar, corn-meal, mo- 
lasses, and yeast. Even the symbols by which the Drosophila 
mutant races were named are in large part attributable to 
Bridges' interest in a suitable nomenclature. I recall one in- 
stance in which invention went too far. In order to save space 
in the incubators Bridges drew a plan for a milk bottle with a 
square base. But they were so closely packed that when the 
room temperature approached the lethal degree, the heat gen- 
erated in the bottles went over the top. Unwilling to give up the 
new bottles Bridges got a large auger and bored holes through 
the carefully prepared insulated walls of the incubator. 

Bridges had his own system of bookkeeping. The data were 
often filed on bits of scrap paper, but it was almost uncanny to 
see how quickly he could find any information that was called 
for. He has left hundreds of cards, carefully filed, which con- 
tain all the data collected in this laboratory relating to each 
mutant or aberration. Many of these data have never been 
published, and it is doubtful now if anyone will ever assemble 
them for publication. These data were used, however, in the 
calculation of loci and description of mutants and aberrations, 
in DIS 9, which appeared shortly after Bridges’ death. This 
issue of Drosophila Information Service was one of the last 
things on which Bridges worked, and in it, fortunately, he 
brought down to date practically all his work in statistical 
genetics. 

In 1916 Bridges and I brought together the then known data 
on the mutants and linkage relations of the first or X chromo- 
some of Drosophila, in 1919 those of the second chromosome 
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were published, and in 1923 we published the data which had 
accumulated on the third chromosome group of mutants. Later 
(1935) Bridges gave a complete account up to date of the fourth 
chromosome (Journal of Biology, Moscow, U.S.S.R.}. 

The first g}’nandromorph of Drosophila was discovered in 
1910. From that time onward such exceptions were watched 
for and recorded. In time Bridges and I had a considerable 
number on hand which we described in a Carnegie Publication 
in 1919. Bridges reported (1939) that we had at that time 
studied '‘about 100 gynandromorphs and found that the maternal 
X was eliminated about as often as the paternal X. In experi- 
ments in which all flies were counted 40 g^mandromorphs oc- 
curred in 88,000 flies.” In addition to our explanation of elimi- 
nation of one of the X chromosomes, during early development, 
a few other exceptions were found that called for a different 
explanation; namely, the presence of two separate nuclei and 
reduction products in the egg. 

Later, Bridges discussed a few individuals showing spots on 
the body which, from genetic evidence, were composed of hap- 
loid cells, and, in some of these mosaics, the regions included 
body parts that enabled one to diagnose their sex. The spots 
were clearly female in constitution, and this was surprising at 
the time since in other insects, where haploid individuals were 
known (bees, etc.), they were males. Bridges’ finding in 
Drosophila was, however, consistent with the female sex 
formula: two X plus two sets of autosomes. In the spots the 
same balance is present, that is one X and one set of autosomes, 
so that the haploid somatic tissue is female. 

During the years 1921-1925 Bridges made an extensive study 
of certain types of intersexes in Drosophila. He showed clearly 
by cytological analyses that they were due to chromosome aber- 
rations of a type that had not been established previously for 
intersexes of other insects. The intersexes showed complex 
mixtures of male and female parts. In the first culture in which 
they were found (1920) there were 37 of them in addition to 9 
regular males and 96 females. They were completely sterile, 
but certain of their sisters, when bred, gave intersexes and were 
shown by genetic and cytological evidence to be triploid (3N) 
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females. The breeding experiments with such females showed 
that a certain proportion of their mature eggs contained one full 
set of chromosomes, one X and one of each autosome, and, in 
addition, part or all of one extra set. Those mature eggs that 
contained a diploid set of chromosomes, would, if fertilized 
by a normal X-bearing sperm, again give 3N females, and if 
fertilized by a Y sperm would give inter sexes. The formula 
for the intersexes is 3A 2X -|- Y. They differ from standard 
females only in having an extra set of autosomes, and this fact, 
as Bridges points out, “proved that autosomes (A) are as much 
determiners of the normal sex differences as are the so-called 
sex chromosomes. Autosomes turn the scale toward maleness. 
This idea of genic balance he had already developed in 1921 in 
connection with changes induced by loss or gain of a fourth 
chromosome. The theory was applied to the interpretation oE 
certain other abnormal-appearing types of individuals, notably 
superfeniales and supermales. A superfemale, he show'ed, arises 
when an individual has three X chromosomes and two autosomes. 
A supermale arises when one X and three sets of autosomes arc 
present. Three types of females may exist in which the balance 
between X's and autosomes is the same as in the normal 
(2X -f- 2A) female, namely 3X + 3A and 4X -j- 4A, be.sides 
the normal. These conclusions of Bridges were not theoretical 
speculations, but in every case the interpretation rested on 
genetic evidence, and in tidploids and diploids on a cytological 
demonstration of the presence in the individual in (inestion of 
the constellation of the chromosomes that was postulated. 

Bridges paid a great deal of attention to the pro 1 )lcm of genic 
balance, pointing out that it is fundamental for an understand- 
ing not only of the balance concerning sex, but for all other 
characters as well. The fact is that today there is demonstrable 
evidence that there is not a single gene for femalcness and 
another for maleness, but several, perhaps many, genes <lis- 
tributed through the chromosomes and affecting the dcwclop- 
ment of certain characters in one way or in the opposite way. 
This conception in its broadest aspects has always been insisted 
on by the group working oh the genetics of Drosophila, although 
it is also true that a change in a single gene often leads to strik- 
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ing changes in the individuals containing such a mutant gene. 
They argued that both the old and the new gene influence the 
end result, not by acting alone but by collaborating with other 
genes, and, in the last analysis, with all or most of the genes to 
dilferent degrees. Each gene is thought of as a differential. 

Bridges’ early discovery (igiy) that certain genetic data 
could be interpreted as due to deficiencies in the chromosome 
construction has led in recent years to a factual demonstration 
of such deficiencies. In some of his latest work (1937-1938) 
he made use of this discovery in the interpretation of overlap- 
ping deficiencies in analyzing the characteristics of certain 
mutant types. It would be hard to find in the histor}- of genetic 
research a more convincing demonstration of the combination 
of actual evidence and masterly interpretation of it. As early 
as 1919 Bridges described ‘‘duplication” as a chromosomal 
aberration, and here, as in his other work, his conclusions rested 
not on vague hypotheses but on experimental proof. ]\Iuch later 
he also reported the occurrence of “repeats” in the normal 
chromosome which will have to be seriously considered in future 
interpretations of certain types of genetic behavior. 

The many interesting problems connected with losses (defi- 
ciencies) and additions (duplications) of groups of genes present 
interesting problems in which genic balance is involved, and iliv 
possibility, that now exists, of detecting deficiencies and dupli- 
cations in the salivary chromosomes and correlating the obser- 
vations with the genetic location of mutant genes is well under 
way, and during the last two years of his life, was receiving 
Bridges’ close attention. 

In 1925 the data, that had been collected in the course of 
genetic experiments, was brought together under the title “The 
Genetics of Drosophila,” by T. H. Morgan, C. B. Bridges, A. H. 
Sturtevant. Not until 1934, when the first number of Droso- 
phila Information Service edited by Bridges and Demerec ap- 
l)eared, was a similar summary made. Bridges spent a tre- 
mendous amount of hard work in summarizing the data, par- 
ticularly those of the stocks that the Carnegie group had built 
up at Pasadena, and the reports include also much unpublished 
data that Bridges himself had on hand. Fourteen numbers of 
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Drosophila Information Service have appeared, the latest in 
February 1941. 

In recent years Bridges spent much time in correlating the 
loci of the genetic maps with the bands of the salivary maps. 
He made an elaborate study of the salivary chromosomes, and 
more than doubled the previously known number of bands. 
His maps have become the standard ones for Drosophila 
melanogaster. As I have pointed out elsewhere, the identifica- 
tion of the salivary bands with the loci on the genetic map 
would not have been possible were it not that during the pre- 
ceding twenty-three years the genetic (crossover) maps had been 
built up to a point where such comparisons have a real demon- 
strable basis. While many workers had contributed to bring 
the genetic maps to their status of 1933, it was Bridges in par- 
ticular who had made a more detailed and critical study of the 
maps than had any other one of his contemporaries. His maps 
are now standard all over the world. During the year 1938, 
Bridges continued the revision of the maps of the salivary 
chromosomes ; that of the X-chromosome has been published in 
the Journal of Heredity, January 1938. During the summer of 
1938 he nearly finished the right half of the second chromosome 
in collaboration with his son Philip, who has now put it into 
shape for publication. He intended to leave the left half of that 
chromosome until the revision had extended to the other chromo- 
somes because he had found that this half probably contains a 
number of “repeats'", i.e., sections of duplicating parts. This 
idea is the last of the many new contributions that Bridges made 
to the “higher Mendelism’" and may prove of unusual interest 
in the future development of genetics. 

The original discovery of the banded nature of the giant 
salivary chromosomes of diptera goes back to Ballfiani’s record 
of 1881. But the regularity of the sequences of the bands, the 
union of homologous chromosomes in pairs, and distinction of 
regions that stain and those that do not stain was reported in 
1933 Heitz and Bauer. 

Painter, also in 1933, using Drosophila melanogaster material, 
contributed the ail-important proof that there is a close corre- 
spondence between the sequence of the banding of the chromo- 
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some and the sequence of the genes as determined by genetic 
theory and practice. Without the already existing information 
as to the position of the genes in definite chromosomes it would 
have been impossible to establish this relationship, although 
Painter and Aluller had already in 1929 laid the basis for com- 
parisons of this kind b\’ demonstrating that certain genetic trans- 
locations could be visibly detected as such in the chromosomes 
involved in such transfers. 

It became increasingly important after Painter’s comparisons 
between the genetic and the salivary maps that identification of 
the bands be extended to the limit of microscopic Ausion in order 
to determine more definitel3' the relation of individual bands to 
the loci of the genes, since the determination of the correspond- 
ence between the sequence of the genes and that of the bands 
does not tell us whether there is an identity between them. Most 
of the bands are faint ones while some of the darker bands are 
double, etc. For this kind of work Bridges was eminently 
fitted. His eyesight was unusually acute but he did not depend 
on this alone and spent much time in the study of the best 
methods of illumination, and the most suitable staining and pre- 
serving technique to bring out the fainter bands. As a result 
his new maps more than double the number of the previously 
known visible bands. He was also interested in the problem 
as to whether the stretching of the chromosome, when the 
nucleus is burst under pressure, may introduce artifacts. It is 
unfortunate that he died when in the midst of this detective work, 
but his methods will enable others to take up the story where he 
left off. 

As a member of the Carnegie group each year's progress was 
reported in the Year Book of the Carnegie Institution of Wash- 
ington. These twenty-three reports give in briefest summary 
the results that Bridges had obtained. Whether the elaborate 
data on which these reports rested, can ever be fully utilized is 
questionable; but Bridges accomplished so much other work, 
that these will not be needed to place him amongst the leading 
geneticists of his time. 

Bridges was a very friendly person. He was simple and un- 
affected and always helpful to anyone who came to him for 
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advice. In the course of twenty years he was largely instru- 
mental in building up stocks of Drosophila in which mutant genes 
of each chromosome are spaced so that they can be used as 
markers for each chromosome. These stocks are especially 
useful in studying crossing over, translocation and other special 
problems. I\Iore than 900 separate stocks are carried at present. 
Many of them have been distributed to investigators all over the 
world. Bridges spent much thought and time in building up 
this material and distributed it freely without even claiming 
credit from others for its use. In fact, one of his most admirable 
traits was his freedom from priority claims of any kind. His 
death w^as a serious loss to genetics and to his many friends. 
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HARVEY CUSHING 
1869-1939 

BY W. G. MAC CALLUM 

Harvey Cushing was iDorn in Cleveland, Ohio, on April 8th, 
1869. He came from a family of physicians, his great grand- 
father David Cushing (1768-1814) practiced in Cheshire, 
Massachusetts; his grandfather Erastus (1802-1893) was a 
teacher in the Berkshire Medical School, and his father, 
Henry Kirke Cushing ( 1829-1910) was a practitioner in 
Cleveland. He had an elder brother, Edward, who after Yale, 
Marvard Medical School, and the Massachusetts General Hos- 
]jital, practiced medicine in Cleveland and was of great influ- 
ence on ITarvey, stimulating him to his career in medicine. 

I larvey Cushing went to school in Cleveland and then to 
Yale where he received his A.B. degree in 1891. Then to the 
J'larvard Medical School where he gained his A.M. and M.D. 
cum laude in 1895. From this time he served for one year 
in surgery in the Massachusetts General Hospital and then, 
in i8()6, he was a])i:)ointed to the house-staff in surgery under 
Dr. I lalstcd at the Johns Ho])kins Hosjiital where he remained 
until 1900 as resident in .surgery. Tn that year he went to 
Europe and with others attended an International Congress 
in Paris, ddiis remains in my memory because, I having left 
in h\‘bniarv, we had made an appointment to meet at noon 
on August 1 st at the only place to l)e precisely stated, the 
to]) of the Iriffel d'ower, and there we met as the gun boomed 
noon. Frotn there he went to Herne and with Kocher and 
Kronecker began bis work in cx]K*rimental neurology. T^atcr 
be was asHooiate<l with Sherrington in Liver]K)ol and upon 
his return was appointed neuro-surgeon at the Johns Hojikins 
I lospital. 

lie then left the hospital where he had so long been resident 
surg^‘on and lived next door to Dr. ( )sler at 3 West P'rankliii 
Street where, with his associates in that house, he was a very 
constant guest of the Osiers nearby. This intimate and de- 
voted association with < )sler had a great influence on his life 
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and stirred in him not only his enthusiasm for his medical and 
surgical interests but perhaps especially his love for medical 
histor}^ and the books and writings of the great men of all 
time, that lasted and grew through his life and resulted in 
man}^ essays and addresses, and in his magnificent library. 

On June loth, 1902, he married Katharine Stone Crowell, 
of Cleveland, and later they occupied a house at 107 East Chase 
Street where his first child, William, was born. The family 
was made up later of four other children, Mary, Betsey, Henry 
Kirke and Barbara. 

His work, concentrated largely upon neurological surgery, 
but with a special course in experimental surgery for which 
the old Hunterian Laboratory was built, went on at the Johns 
Hopkins Hospital until 1912 when he moved with his family 
to Boston to take over the appointment as Professor of Surgery 
at the Harvard Medical School — afterward Moseley Professor 
of Surgery, and as surgeon-in-chief to the Peter Bent Brigham 
Hospital. Living in Brookline, his work at the hospital, with the 
acme of his development of neuro-surgery, went on until the 
war began. In 1915, he spent some time with the French Army 
at the American Ambulance Hospital in Paris, returning to 
Boston after a visit to the Osiers. Later, in 1917-19x9, he was 
with Base Hospital 5 in France and after a short time, as Senior 
Consultant in Neuro-surgery of the American Expeditionary 
Force, which was a period in which his extreme physical exer- 
tions left him more or less disabled for the rest of his life. 
After the war he returned to Boston and carried on with 
increasing enthusiasm, until in 1932, he reached the age of 63, at 
which, according to the hospital regulation, he must retire. 
Next year, in 1933, he went to Yale as Sterling Professor of 
Neurology, a position which he held until 1937 when this pro- 
fessorship terminated. But he continued to work not only 
on the pathological changes in the brains, from cases which 
he had studied, but especially too upon his great interest in 
the anatomical literature of the middle ages. There was a 
celebration by the Harvey Cushing Society of his 70th liirth- 
day on April 8th, 1939, and then, on October 7th of that year, 
he died of coronary occlusion after a brief illness. 
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The early years of his work under Dr. Halsted as resident 
surgeon in the Johns Hopkins Hospital brought him into con- 
tact with the use of the extremely careful technical methods 
in operating which were based on Dr. Halsted’s study of the 
principles involved in asepsis and the minute attention to the 
avoidance of any mechanical injury to such tissues as were to be 
left in the bod}’ so that healing proceeded through a rapid and 
uninterrupted course. Concentration upon these principles 
impressed him deeply and characterized all his operative work 
throughout his life. His main thought was ever the protection 
of the patient in every detail. 

On his return from Europe w^here he had undertaken some 
neurological work, he began his great interest in neuro-surgery 
to which his chief agreed that he should especially devote his 
energies and thus began the great contribution of his life. In 
addition to his studies of intra-cranial tension and of neuralgic 
diseases of the trigeminal nerves, with operative work on the 
various tumors and other disturbances of the central nervous 
system, he grew interested in the functional activities of the 
pituitary gland. IMany papers resulting from his experimental 
studies, often with Crowe and Homans, were finally related in 
a Harvey Lecture in 1910 and published as a book on the 
Pituitary Body in 1912. His interest in this extraordinary 
organ which he named the master gland, continued through- 
out his life with several books and many papers, one condition 
which he described being generally known as the Cushing 
syndrome. 

Through the next years, during his stay in Baltimore, he 
continued his operative' study of cerebral tumors, including 
their effect upon the eyes and their various relations to intra- 
cranial pressure. It was then that he carried on his most 
stimulating course with a limited group of students in the 
Hunterian Laboratory on comparative surgery, which was 
really experimental surgery. But at no time did his interest 
in various aspects of the function of the hypophysis cease, and 
there were nine other papers before he left for Boston, ending 
in a Harvey Lecture on dyspituitarism. There, from 1912 on, 
this interest continued with some of his students and associates 
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and many other papers on the hypophysis and its relations 
with other organs of internal secretion, appeared. Further, 
with L. H. Weed, there were carried on studies of the cerebro- 
spinal fluid which were later completed brilliantly by Weed 
and published in a series of papers. 

The war interrupted his surgical activities in Boston for 
some time as related in various papers, and in two books, one 
describing Base Hospital 5, and the other, '‘From a Surgeon's 
Journal, 1915-1918." During his great physical activity through- 
out these years he began to show evidence of some disabilities 
which proved to be due to arterial changes in the extremities 
which made locomotion difficult and later produced worse 
effects. During this time with his old devotion he made 
several visits to Dr. Osier in Oxford and suffered with sym- 
pathy upon the tragic death of his son, Revere. Osier’s deatli 
in 1919 was the next calamity and at Lady Osier’s request 
he wrote the remarkable "Life of Sir William Osier" which 
was published in 1925. 

From the end of the war, after his return to Boston, he 
worked with incredible energy until his retirement in 3932, not 
only over his hospital duties, his numerous operations which 
with his extreme precision and tenacity of purpose involved 
hours of intense physical exertion, his experimental work, his 
protracted study of the great mass of pathological material 
which he had accumulated, but also his bibliophilic pursuits. 
It seems hardly possible that any person should have l)cen 
able to survive under such mental and physical toil, especially 
since he suffered those great disabilities from the arteriosclerotic 
disorder of his legs and feet which have l^een mentioned. 

Several large books comprising his studies of the tumors of 
the nervous system appeared — Tumors of Nervus Acuslicus, 
in 1917, Classification of Gliomas (with P. Bailey), in 1926, 
Studies in Intracranial Physiology and Surgery, 1926, Patho- 
logical Findings in Acromegaly (with L. M. Davidoff), 3927, 
Tumors Arising from Blood Vessels (with P. Bailey), in 1928, 
Intracranial Tumors, in 1932, Pituitary Body and Hypothala- 
mus, in 1932, and finally, a great volume on Meningiomas 
(with L. Eisenhardt), in 1938. These, in addition to al)()Ut 
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150 papers and addresses published during this period, give 
some idea of his extraordinary concentration upon his work. 

After he left Boston to assume the Sterling Professorship 
of Xeurolog}" at Yale he took with him the pathological material 
from his operated cases and continued his studies of those 
tumors, as is shown by the last book on the meningiomas. 
But his long interest in the pituitary continued and he main- 
tained further studies involving especialh* the so-called pitui- 
tary basophilism wliich is the basis of the Cushing syndrome. 
With Dr. K. W. Thompson he made many experimental 
studies in this connection. 

But his old bibliophilic enthusiasm, so long stimulated by 
Dr. Osier, became once more almost dominant and his collec- 
tion of the books of celebrated authors grew to fill many rooms. 
Although he wrote about man}^ authors, his early interest in 
Vesalius came once more to the fore and his collection was 
rich in the writings of that man. Indeed, through his last 
days he was hard at work upon a new essay or perhaps a book 
on Vesalius wliich was interrupted by his sudden death. 

In Harvey Cushing everyone recognized a person of brilliant 
intellect and of great personal charm. His influence upon all 
who came in contact with him was deep and inspiring and 
especially to his students and associates this had a lasting 
effect upon their -lives. His extreme and rigid dominance 
over his assistants during his operations was only part of his 
care for the welfare of his patients and throughout the course 
of their illness under his supervision his devotion to their 
every comfort and attention to their slightest needs for the sake 
of their successful recovery was part of his profound interest in 
their good. 

His contribution to the knowledge and the advance in the 
study of neurosurgical conditions was very great and his name 
will remain as one of the greatest of the world’s scientific 
investigators in this field, illuminated as it was by his literary 
and artistic interests in related fields. 

Many of his associates and friends have written memorial 
notes since his death and his biography by Dr. J. F. Fulton 
will appear shortly. 
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HARVEY CUSHING: VITA, DEGREES AND HONORS 
Bachelor of Arts, Yale, 1891. 

Doctor of Medicine, Master of Arts, Harvard, 1895. 

House Officer, Massachusetts General Hospital, 1895-1896. 

Resident Surgeon, Johns Hopkins Hospital, October 1897-May 1900. 
Associate Professor of Surgery, Johns Hopkins Hospital and Medical 
School, 1903-1912. 

Harvard University Medical School, Moseley Professor of Surgery, 
1912-1932; Professor Emeritus, 1932-1939- 
Surgeon-in-Chief, Peter Bent Brigham Hospital, 1912-1932; Surgeon-in- 
Chief Emeritus, 1932-1939- 

Director, U. S. Army Base Hospital No. 5, 1917-1919* 

Yale University, Sterling Professor of Neurology, 1933-1937; Professor 
Emeritus, 1937-1939- 

Member, American Association of Pathologists and Bacteriologists. 1900. 
Member, American Association for the Advancement of Science. 1902. 
Member, American Neurological Association (President, 1923)* 19^3- 

Member, American Physiological Society. 1905. 

Fellow, American Surgical Association (President, 1927). 1906, 

Fellow (Hon,), Royal College of Surgeons, England. 1913. 

Fellow (Hon.), Institute of Hygiene (London). 1913. 

Fellow, American College of Surgeons (President, 1922). 1913* 

Member, National Academy of Sciences. 1917* 

Fellow, Societas Medicorum Sverena. 1917. 

Companion of the Bath (Military). 1919. 

Doctor of Laws, University of Cambridge. 1920. 

Chevalier, Legion d’Honneur. 1922 

Doctor of Medicine (Hon.), John Casimir University, Lwow, Poland. 
1926. 

Pulitzer Prize in Letters, Columbia University. 1926. 

Honorary Fellow, Royal Society of Medicine, London. 1927. 

Doctor of Laws, University of Glasgow. 1927. 

Doctor of Laws, University of Edinburgh. 1927. 

Fellow (Hon.), Royal College of Surgeons, Edinburgh. 1927. 

Lister Prize Medalist, Royal College of Surgeons, England. 1929. 
Docteur ‘‘honoris causa,’* University of Strasbourg 1929, Brussels 1930, 
Budapest 1931. 

Doctor of Medicine “honoris causa,” University of Amsterdam (Tercen- 
tenary celebration). 1932. 

Ehrenmitglied, Gesellschaft deutscher Neurologen unci Psychiater. 1932. 
Doctcur “honoris causa,*’ University of Paris. 1933. 

Foreign member, Royal Society, London. 1933. 

Foreign member, Royal Academy of Sciences, Sweden. 1934. 
Ehrenmitglied, Gesellschaft der Chirurgen in Wien. 1936 
Doctor of Science “honoris causa,” Oxford. 1938. 
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BIBLIOGRAPHY OF HARVEY CUSHING 
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FLOYD KARKER RICHTMYER 
1881-1939 

BY HERBERT E. IVES 

The sudden death of Floyd Karker Richtmyer on November 
7, 1939 ended a career unique in American physics for versa- 
tility and service. In addition to a full record as a teacher and 
investigator Richtmyer had served as president of three of the 
member societies of the American Institute of Physics, was 
editor of two of its journals, had been vice-president of Section 
B of the American Association for the Advancement of Science, 
and had taken a leading part in most of the important commit- 
tees and councils in his field. To replace him, it has been neces- 
sary-, as one faced with part of the responsibility remarked, to 
“enlist an army.” 

In reviewing a life of such far flung activities a strict 
chronological record would be apt to obscure the continuity of 
interest and effort which characterized Richtmyer’s work in 
each of his fields. It is better, therefore, to group his work 
under several heads, and speak of each in turn, although no 
one line of work ever entirely occupied his undivided atten- 
tion. The first group comprises his teaching and associated 
academic work. Next is his career as a scientific investigator. 
Then his work as editor and writer. Finally the work in which 
he was pre-eminent, as an organizer and committeeman in the 
several societies and groups for furthering physics in this 
country. 

Richtmyer was born October 12, 1881, in the rural com- 
munity of Cobleskill, New York. After attending local public 
schools he entered Cornell University, and graduated in 1904. 
He at once entered the teaching profession, which he never left, 
despite attractive offers from several large industrial labora- 
tories. For two years he taught physics at Drexel Institute in 
Philadelphia. He then returned to Cornell University as in- 
structor in physics.' He there took his Ph.D. degree in 1910, 
was assistant professor 1911-18, and professor 1918 until his 
death. He became Dean of the Graduate School in 1931 and 
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held this post also until his death. In addition to teaching at 
Cornell he was visiting lecturer in physics at .the University of 
California in the summer of 1923, at Stanfoi'd University in 
1925 and 1931, and at Columbia University in 1929. 

Properly falling under his teaching career was his member- 
ship in associations concerned with the problems of teaching. 
He was active for many years in the American Association of 
Physics Teachers, and after serving on various committees and 
editorial posts was president of this association 1937-38. In 
the Association of American Universities, he was at the time 
of his death the general secretary and chairman of two of its 
committees. 

Richtmyer’s characteristics as a teacher are well displayed in 
his well known book ‘'Introduction to Modern Physics,” first 
published in 1928. This, containing the subject matter of his 
special summer lectureships and his senior and graduate courses 
at Cornell, is a masterpiece of clear and logical presentaiion, 
noteworthy for its clarification for the beginner of the physical 
meaning of recent revolutionary physical theories, tracing their 
historical and experimental origin. The subject is not presented 
as a closed book, but the difficulties and many incomplete and 
unsatisfying features of physical theory are fully dwelt upon, 
in a manner to inspire thought and further study. 

Richtmyer’s work as an investigator falls under two distinct 
headings. As a graduate student at Cornell he was influenced 
by the late E. L. Nichols, to whose encouragement and guidance 
he expressed his indebtedness. It was therefore natural that 
his first research problems should be in the optical field to which 
Nichols devoted his life. We accordingly find Richtmyer pul)- 
lishing a series of papers on the then new field of photoelec- 
tricity. His work was chiefly on the application of ])hotoelc‘ctric 
cells to photometric problems, and contributed part of the 
groundwork for their present extensive utilization in this kind 
of work. From this he was led naturally to other problems in 
photometry and illumination. A scries of papers with E. C. 
Crittenden covers work done partly at the Bureau of Standards 
during a summer appointment in 1915, on hetcrochroinatic 
photometry and the precision of photometric measurements. 
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During the period of his interest in this line of work Richtmyer 
served as chairman of the committee of the Illuminating Engi- 
neering Society on Education in Illumination for Engineers, 
and was a member of the council of the Society. 

Following the war, during which he served as a civilian radio 
engineer in the Signal Corps ( in which he later was commis- 
sioned a ]\Iajor in the Reserve), Richtmyer sought a new field 
of research in which to initiate a long period program. For this 
he selected X-rays, and after a sabbatical year at the General 
Electric Company laboratory at Schenectady in 1919-20, pro- 
ceeded to build up a laboratory at Cornell for precision work. 
Here for several years his attention was directed to problems 
of X-ray absorption, the principal result of which was to estab- 
lish the law that absorption due to ionization in a given shell in 
an atom is proportional to the cube of the wavelength of the 
X-rays and to the fourth power of the wave number. 

In 1927, after several months study in Siegbahn’s laboratory 
in Uppsala, Richtmyer turned his attention to the problem of 
the faint X-ray lines known as ^‘satellites.’’ In picking an ap- 
parently subordinate phenomenon for study, Richtmyer was 
inspired by his belief that the answers to the major problems of 
physics have often come from running down obscure or dis- 
crepant effects. He often mentioned in this connection Planck's 
discovery of the quantum of energy as a result of trying to clear 
up the “shape” of the radiation-against wavelength curve of the 
black body. Closely along these lines Richtmyer carried out 
or supervised a number of investigations on the width and 
shapes of X-ray lines. In his vice-presidential address to Sec- 
tion B of the American Association the choice of the topic 
“The Romance of the Next Decimal Place” shows again Richt- 
myer’s belief in the importance of clearing up minor phenomena 
or discrepancies. The study of satellites did in fact occupy the 
rest of Richtmyer’s years of active research. He proposed a 
theory for the origin of these lines, ascribing them to jumps 
made simultaneously by two electrons in an ionized atom. He 
later recognized that while his proposed mechanism might ac- 
count for some, most of the observed satellites are probably due 
to a mechanism proposed earlier by others, namely to a one 
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electron jump in a doubly ionized atom This all led, however, 
to the realization that the satellite problem was part of the 
broader one of the multiple inner ionization of atoms. His 
research program at Cornell, therefore, became a broad attack 
on this problem by studies of widths and shapes of X-ray lines 
and absorption limits, Auger transitions and their probabilities, 
and the relative intensities of satellite lines. With the increasing 
demands on his time for administrative work after 1930, Richt- 
myer's contribution to this program was increasingly one of 
inspection and supervision, but his mastery of technique and the 
guidance and experience he contributed played a dominant part 
in the productivity of those working in his laboratory. 

Concurrently with his teaching and research w^ork, Richtmyer 
had a distinguished career as an editor of scientific journals, 
and of a series of scientific text books — “The International 
Series in Physics,’' published by the McGraw-Hill Book Com- 
pany. His active editorial work began with his assumption in 
1922 of the business managership of the combined Journal of 
the Optical Society and the Review of Scientific Instruments. 
This combined journal was the result of a movement to estab- 
lish a high grade scientific instrument journal in the United 
States which should be comparable in its influence with the 
German Zeitschrift fur Instrumentenkunde. In this movement 
the Association of Scientific Apparatus Makers of the United 
States of America took a leading part, and the project was 
partly underwritten by the National Research Council. It in- 
volved many considerations of policy and careful consideration 
of advertising and other sources of income. In the launching 
and guiding of this journal, Richtmyer, whose interest in instru- 
ments was always intense, applied himself unremittingly through 
the ten years of its existence, and in 1932, when the Review 
of Scientific Instruments became a separate journal under the 
Institute of Physics, he became the editor in chief, which post 
he retained until his death. 

Beginning with the inception of the Optical Society of Amer- 
ica, Richtmyer was an associate editor of its journal; was 
assistant editor during the period of its combination with the 
Review of Scientific Instruments, and from 1932 until his death 
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was the editor in chief. The great responsibilities of the editor- 
ship of these two journals did not, however, prevent him from 
accepting work as associate editor in other journals of the In- 
stitute of Physics. He was thus in continual active touch with 
practically the whole field of publication in American physics, 
and his experience, judgment, and constructive practical ideas 
were important and highly valued by all connected with these 
enterprises. 

During the last ten years of his life Richtmyer's time and 
energ}’ were largely devoted to administrative work in the sev- 
eral societies and important committees in the field of physics 
His career as society official indeed began before this, with his 
term as president of the Optical Society in 1920, and as presi- 
dent of Sigma Xi, 1924-26, but from the date mentioned he 
was occupied continuously in a range of executive and com- 
mittee-work which was not only unique, but to anyone less 
energetic, enthusiastic and resourceful, would have become quite 
impracticable. He used to quote with approval the saying: ‘Tf 
you want to get a job done, ask a busy man to do it,’' and 
exemplified the saying in his own actions. He was repeatedly 
in demand for important posts, and his attitude vras always to 
see if he could find a way to undertake the new job, and he 
usually did. There was no indication that his application to 
any one of these undertakings suffered by the number of com- 
mitments he made. On the contrary the experience and point 
of view of one was carried over to another, which probably 
simplified his own labors and certainly coordinated the work 
of the many organizations he served. 

A listing of his offices can give an idea of their number but 
not of course of the constructive work he did in each. In the 
American Physical Society he served on the council from 1934 
to 1935, was vice-president in 1935, and president in 1936. He 
was a member of the Executive Committee of the American 
Association of Physics Teachers 1931-39, vice-president 1935- 
36, and president 1937-38. When the American Institute of 
Physics was founded to coordinate the activities of the several 
physical societies, he became an active member, serving on vari- 
ous committees, and as a member of the Executive Committee 
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1934-39. Richtniyer devoted years of labor to the work of the 
Xational Research Council, was a member of the Executive 
Board 1924-27, 1930-35. a member of the Fellowship Board 
1930-37, of the Division of Physical Sciences, 1923-35, vice 
chairman of that division 1927-29 and chaiiTiian 1930-35. 

In addition to these positions in the physical groups, he was 
a life trustee of the Xational Geographic Society from 1939, 
an active member of the International Association of Ithaca, 
of which he was president for several years, and a member and 
chairman of the Board of Trustees of the Unitarian Church 
of Ithaca, He was a member of the Cosmos Club of Wash- 
ington and of the Greek letter societies Gamma Alpha, Sigma 
Pi Sigma, Phi Delta Kappa, Phi Kappa Phi. 

X'umerous honors for his scientific work included the honor- 
ary Doctorate of Science of Lehigh University, the Levy Medal 
of the Franklin Institute in 1929, membership in the American 
Philosophical Society, 1935, and the American Academy of 
Arts and Sciences, 1935. He was elected to the X'ational Acad- 
emy of Sciences in 1932, and was elected to the Council of the 
Academy in 1938. 

Richtmyer’s personality was most attractive. He counted a 
host of friends among his scientific colleagues, and among the 
many younger men whom he wholeheartedly counseled, en- 
couraged and aided. His appearance was always very much that 
of a country lad, a rather gangling figure, loosely dressed, with 
an honest and rugged face. As a conversationalist he was seri- 
ously attentive to the matter in hand, but was blessed with a 
strong sense of humor. He always appeared master of his 
problems, undiscouraged and untiring, but frank and modest. 

Surviving him are his wife, Bernice Davis Richtinyer, and 
three children, Robert D., Sarah (Mrs. Mann), and Lawson D. 
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Direct-reading, two-crystal x-ray spectrometer. ( With S. W. Barnes. 1 
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Coster-Kronig theory of a new type of Auger effect. ( With F. R. Hirsh, 
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F. K. Richtmyer also edited the International Series in Physics, published 
by McGraw-Hill. 
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ARTHUR EDWIN KENNELLY 
1861-1939 

BY VAXXEVAR BUSH 

To few, and only to the few, has been granted the inestimable 
privilege of active and close participation in almost the entire 
range of development of such an enormous and such a useful 
field as that of electrical engineering, from the pioneer days of 
the telegraph and submarine cable, through the earliest stages 
of practical application of the storage batter}', the electric light, 
and the telephone, and on to the flowering of the art as repre- 
sented by the present status of electric power generation, trans- 
mission, and utilization and of electrical communication. And 
to few only has there been granted the friendship, esteem, and 
professional respect of so many outstanding contemporaries in 
any art as are represented by such names as Rowland, Elihu 
Thomson, Edison, Steinmetz, Sprague, Houston, and Brush in 
the United States; Heaviside, Clark, Lord Kelvin, Fleeming- 
Jenkin, and Preece in England; jMascart, Blondel, and Ferrie in 
France ; von Helmholtz in Germany, Marconi and Giorgi in Italy ; 
Nagaoka in Japan ; and man^' others throughout the world. But 
to Arthur Edwin Kennelly was granted both the privilege, of 
such a participation in an art and such a friendship and esteem 
from the principal joint authors of its development. With his 
death on June i8, 1939, Harvard University and the Massachu- 
setts Institute of Technology lost a deeply respected professor 
emeritus of electrical engineering, the profession lost one of its 
early pioneers and most striking figures, and the National Acad- 
emy of Sciences lost a distinguished and valued member. 

Dr. Kennelly was born at Colaba, Bombay, India, on Decem- 
ber 17, 1861. His father, David Joseph Kennelly of Cork, 
Ireland, had gone to sea as a midshipman in 1845, served as a 
frigate commander in the Indian Mutiny of 1856-58, and was 
harbor master at Bombay from 1858-1868. His mother, Kath- 
erine Heycock Kennelly, born in Leeds, England, was a daughter 
of Edwin and Mary Heycock, who had settled in Bombay and 
built the first cotton mill in East India. Mrs. Kennelly died of 
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Indian fever in 1864 ^ when Arthur was only three years old, 
and the child was sent to England because of the unfavorable 
climate of Bombay for rearing white children. He attended 
schools in France, Belgium, Scotland, and England, and par- 
ticularly the University College School at Gower Street, Lon- 
don, where he received prizes in language and stenography. In 
later years his linguistic accomplishments were attested by his 
fluent command of French, German, and Italian. More sig- 
nificantly, he had inherited from his father an aptitude for 
arithmetic and geometry, although he modestly contended that 
his skill in mental arithmetic was only half that of his father. 

Inspired at the age of twelve by a public lecture on “Sub- 
marine Telegraphy,’’ given in Albert Hall, London, by Latimer 
Clark, the well-known telegraph engineer and inventor of the 
Clark potentiometer and the Clark cell, he decided to enter tele- 
graph engineering, which, except for electroplating, represented 
the only industrial application of electricity at that time. This 
was before electrotechnical schools had been anywhere estab- 
lished. At fourteen he left school and entered the London office 
of the Society of Telegraph Engineers (later to become the 
Institution of Electrical Engineers) as office boy and assistant 
secretary. In this office he found the Ronalds’ Electrical Library, 
and all his spare time was spent in studying electro-physics in 
the excellent collection of Ronalds’ books, bequeathed to the 
Society by that pioneer telegrapher. 

In 1876 at the age of fifteen he was appointed probationer 
telegraph clerk in the service of the Eastern Telegraph Com- 
pany at its Porthcurno station near Land’s End in Cornwall, 
England, This company owned and operated an extensive net- 
work of submarine telegraph cables connecting England with 
the continent of Europe, and through the Mediterranean Sea 
with Egypt, India, and the Far East. A year later he was sent 
to the Eastern Telegraph Company’s Malta station as a junior 
operator, where he was allowed to assist in the periodical elec- 

^ Autobiog'raphical notes sent to the National Academy of Sciences, 
Washington, D. C., give the date as 1863. In an Abridged Record 0] 
Family Traits, also in possession of the National Academy of Sciences, 
Kennelly gives the date as 1864. 
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trical tests of the cables landing at ilalta. In 1878 he was trans- 
ferred from the operating staff to the cable-ship staff as assistant 
electrician on board the S. S. C hilt cm, remaining in this branch 
of service for eight years. In 1881 he was promoted to chief 
electrician on cable ships. His duties in this capacity were to 
test, repair, and lay submarine cables in various parts of the 
Eastern Telegraph Company's SA’stem, sharing the engineering 
responsibilities with the captains of the ships. 

During these years Kennedy took part in numerous impor- 
tant cable repairs and the laying of cables from Gibraltar to 
Tangier, from Alexandria to Port Said, and in other places and 
served as chief electrician on a number of cable ships in all 
parts of the Eastern Telegraph Company's network between 
England and Bombay. 

In 1887 after Kennedy had reached the position of senior 
chief electrician on the ship’s staff of the Eastern Telegraph 
Company, he left that service to become assistant to Thomas A. 
Edison at his new laboratory in West Orange, New Jersey. He 
remained as Mr. Edison's principal electrical laboratory assist- 
ant for six years and during that time carried on a number of 
electrical researches. Between the years 1893 did a 

large amount of consulting electrical engineering work, first 
with the Edison General Electric Company and the General 
Electric Company of New York for a year and then with Edwin 
J. Houston in the firm of Houston and Kennedy in Philadelphia. 

In 1902 the Mexican Government and the Safety Insulated 
Wire and Cable Company of New York placed Kemaelly in 
charge of laying submarine telegraph cables from Vera Cruz 
to Frontera and Campeche. In the same year he was appointed 
professor of electrical engineering at Harvard, where he re- 
mained until his retirement as professor emeritus in 1930. From 
1913-1925 he was also professor of electrical communication at 
the Massachusetts Institute of Technology ; he directed its elec- 
trical engineering research for many years, was chairman of its 
faculty from 1917-1919, and became professor emeritus in 1930. 

Besides his regular teaching at Harvard and Massachusetts 
Institute of Technology, Kennedy responded to invitations to 
lecture at many other universities in the United States, in 
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Canada, and in Europe. In 1921-22 he was sent by seven co- 
operating American universities (Columbia, Cornell, Harvard, 
Johns Hopkins, Massachusetts Institute of Technology, Penn- 
sylvania, and Yale), to lecture as their first exchange professor 
in engineering and applied sciences at six universities of France. 
And in 1931 he was appointed first visiting lecturer on the 
Iwadare Foundation at five universities in Japan. During the 
War he served as Civilian Liaison Officer in the Signal Corps 
of the United States Army overseas. 

His publications were numerous and broad in scope. Of the 
twenty-eight books bearing his name on their title pages, he 
was sole author of ten. And in the course of his career he pre- 
sented more than 350 papers before the leading scientific and 
technical societies here and abroad.- 

Honorary degrees were conferred upon him by four uni- 
versities : the University of Pittsburgh, 1895 ’ Harvard Uni- 
versity, 1906; the University of Toulouse, 1922 ; and the Tech- 
nische Hochschule of Darmstadt, Germany, 1936. In 1939 he 
was made a member of the Royal Swedish Academy of Sciences. 
Among the many honors and awards received by him were the 
Institution Premium in 1887 and the Fahie Premium in 1889 
from the Institution of Electrical Engineers, London ; the How- 
ard Potts gold medal from the Franklin Institute at Philadel- 
phia for his invention of a hot wire anemometer, 1917; the 
Cross of a Chevalier de la Legion d’Honneur from France, 
1922 ; the silver Volta medal, the Centenary medal of the Italian 
Government, received at the Como Convention, the annual gold 
medal of honor of the Institute of Radio Engineers, 1932 ; and 
the Edison Medal for 1933 from the American Institute of Elec- 
trical Engineers, awarded in January 1934. He was President 
for two terms of the American Institute of Electrical Engi- 
neers, 1898-1900; President of the American Metric Society, 
Washington, 1904; President of the Illuminating Engineering 
Society, New York, 1911 ; President of the Metric Association, 
1915-1934; President of the Institute of Radio Engineers, New 

“ See List of Books and Papers by Dr. A. E. Kennelly, Journal of the 
Electrotechnical Society of Waseda, XIII (June-Aug. 1932), No. 7-8. 

See also bibliography below. 
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York, 1916: Honorary President of the Union Radio Scien- 
tifiique Internationale, 1935 : Vice President of the Edison 
Pioneers, 1938-1940: and in addition held memberships or 
honorary memberships in a score of other technical and scien- 
tific societies both here and abroad. He held appointments 
from time to time on some thirty scientific commissions and 
conferences, among which may be mentioned the following: 
Secretary and later Chairman of the Standards Committee of 
the American Institute of Electrical Engineers from the date of 
its inception to 1917; official delegate from the United States 
to the International Electrical Congress of Paris in 1900 and its 
Vice President; Chairman of the Committee on Nomenclature 
and Standards of the Illuminating Engineering Society, New 
York, from 1915-1921 ; technical adviser to the United States 
Delegation of the International Commission of Weights and 
!M ensures, Paris, 1921 ; delegate to the International meeting 
of the Conference of Large Electric Systems, Paris, 1921, and 
its Vice President; Research Associate of the Carnegie Insti- 
tution of Washington, 1924-1936; Chairman of the Engineering 
Section of the National Academy of Sciences, 1932 ; and Vice 
Chairman of the Division of Foreign Relations of the National 
Research Council in 1933. 

In July 1903 Kennelly married Dr. Julia Grice of Philadel- 
phia, whose death preceded his by a few months. Their only 
surviving child, Reginald Grice Kennelly, was graduated summa 
cum laude from Harvard University in 1931 and received his 
doctor’s degree from the same institution in 1935. 

Expressive of the character of Kennelly and indicative of 
some of the achievements which he most valued in his career 
was the bookplate designed for him by Mr. W. A, Dwiggins, 
artist of Hingham and Boston, Massachusetts, in the winter of 
1915-1916. It features a central ellipse enclosing a shield and 
scallop of the coat of arms of the Kennelly family. The legend, 
‘‘Ora et Labora,” is the family heraldic motto. Around the 
ellipse are twelve mathematical formulae relating to electrical 
circuits, for the formulation of which he was largely responsible. 
Another revealing item is his abridged family genealogy filed 
with the National Academy of Sciences, in which he particularly 
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notes that three generations of Kennellys have been total ab- 
stainers from both alcohol and tobacco. 

To appreciate fully the position which Kennelly occupied in 
the development of the science and art of electrical engineering, 
one needs to have a clear idea of the roles of the originator and 
the interpreter. Kennelly was both; yet while his origination 
of theoretical matters was ample to assure him of a permanent 
position in history as a man of science, it was in the equally 
important aspect of interpretation that he was decidedly a unique 
figure. His carefully chosen nomenclature, his crystal clear 
exposition, his meticulous mathematical presentations, led thou- 
sands to employ powerful methods of analysis which would 
otherwise have remained abstruse and hence available only to a 
few. It is not too much to say that he changed the whole course 
of the methods of the electrical engineer by his leadership in 
this regard. As he interpreted mathematics for engineering 
use, he also originated new methods and new formulations. It 
is not necessary to inquire meticulously into all of these matters 
in regard to the ultimate credit for origination. The power of 
Kennelly to render clear and useful was his greatest contribu- 
tion, and this often transcended the question of whether what 
he presented was new in an absolute sense, or new in the some- 
times equally important sense of being unknown and inaccessible 
to those who could best employ it in bringing to the public the 
benefit of the applications of science in an economical manner. 

This comment applies especially to Kennelly’s extensive con- 
tributions in the field of circuit theory. The direct-current cir- 
cuits on which the early advances in electrical engineering were 
based, required for their analysis only simple algebra. Hence, 
as soon as instruments for reasonably precise measurement were 
available, the use of such circuits proceeded without impediment 
from lack of analysis. Alternating-current circuits were of a 
very diflFerent nature, and the transient phenomena of circuits 
of more difficult nature still. In a field of application where 
the flow of energy can ordinarily be neither seen, heard, nor 
felt, procedure by rule of thumb, design on the basis of quali- 
tative experience, could not have gone far. The revolution in 
our daily lives, due to the widespread use of alternating currents 
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in power applications and communication, has been possible pri- 
marily because electrical engineers can precisely analyze in ad- 
vance the performance of the complex electrical networks in- 
volved. This has been accomplished largely because those 
engineers use in their daily work mathematical methods of 
analysis in exceedingly convenient form and of extraordinary 
power. Kennelly was distinctly in the forefront of the advance 
which made this possible. 

The mathematicians had long dealt with so-called imaginary 
and complex variables, and had met them in connection with 
the solution of some of the differential equations of physics. 
Heaviside had approached the problems of electrical circuits 
with no mathematical inhibitions whatever, and, by unorthodox 
methods sometimes entirely divorced from all questions of rigor, 
had produced the extraordinary results for which we are so 
greatly indebted to him. There was needed, however, some 
individual who could regularize, interpret, simplify, and extend 
the mathematical approach in order to create a keen working 
tool. This was Kenne%’s great work. 

Fortunately we have Kennelly ’s own recital of the various 
steps in this process of development of electric circuit theory, 
and his own meticulous statements as to the specific accomplish- 
ments which he claimed as the result of his own origination, 
preserved in his Academy autobiography. The most important 
parts of this document have been quoted b}" Professor Dawes 
in a biography of Kennelly published in Science shortly after 
his death, and there is hence no need for further quotation here. 
The record seems rather to need expansion in order that scien- 
tists in other fields may more fully appreciate the significance 
of the work which Kennelly performed in the specialized fields 
in which he was long engaged. 

As early as 1887 he published his method of localizing elec- 
trically faults in submarine cables by varying the testing current 
strength,^ This method he had invented by observing the ap- 
parent resistance of a copper exposure at a break and relating 

®A. E. Kennelly, “The Resistance of Faults in Submarine Cables/’ 
Journal of the Society of Telegraph Engineers and Electricians, XVI 
(March 17, 1887), pp. 219-249. 
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it to the square root of the testing current through the exposure. 
It should be noted that there were no ammeters in existence at 
the time, and the establishment of a relationship of this sort 
called for great ingenuity and resourcefulness in measurement. 
Kennelly’s paper on the subject received the ‘‘Institution Pre- 
mium*' of the Society of Telegraph Engineers, London, and 
the method set forth continues to be a recognized one for fault 
localization. 

Xeat generalizations and apt formulations soon began to ap- 
pear. The idea of the ‘‘center of gravity” of cable faults ^ led 
to the application of the same general thought in regard to the 
complex loads of polyphase systems.^ The fact that certain 
circuits are equivalent in external reaction, so that one may be 
freeh’ substituted for its equivalent in either analysis or prac- 
tice, is a far-reaching thought. The most striking substitutions 
involve “delta” and “star” arrangements, each of three branches 
and arranged respectively in triangular or radial conformation. 
Kennelly showed the complete conditions for equivalence in 
very convenient form in 1899.® 

His most notable accomplishment along these lines had to do 
with Ohm’s law. This was the law of proportionality of current 
and potential difference which was basic to all work with steadily 
flowing currents. When alternating-current circuits appeared, 
with sinusoidally varying parameters, no such convenient tool 
was at hand. The basis of analysis resided, it is true, in the 
mathematical theory of 'vdbrations, but the application to elec- 
trical circuits was far from obvious or direct. Kennelly’s paper 
of 1893, entitled “Impedance,” crystallized the matter in such 
form that engineers soon began to use plane vectors and com- 
plex numbers with freedom and precision. Complex algebra 

^ * A._E. Kennelly, ‘‘On the Analogy between the Composition of Deriva- 
tions in a Telegraph Circuit into a Resultant Fault and the Composition 
of Gravitation on the Particles of a Rigid Body into a Center of Gravity,” 
Electf'ical Revietv, New York, XI (November 1887), pp. 2-3. 

® A. E. Kennelly, “On the Determination of Current Strength in Three- 
Pointed Star Resistance Systems,” The Electric World and Engr,, XXXIV 
(August 19, 1899), pp, 268-270. 

®A. E. Kennelly, “The Equivalence of Triangles and Three-Pointed 
Stars in Conducting Networks,” ibid, (September 16, 1899), pp. 413-414. 

^A. E. Kennelly, “Impedance,” Transactions of the American Institute 
of Electrical Engineers, X (April 18, 1893), pp. 175-216. 
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rendered the alternating-current circuit almost as readily amen- 
able to treatment as had been the direct-current circuits which 
preceded. 

After this advance the treatment of circuits of discrete param- 
eters in the steady state was well ordered. A similar clarifica- 
tion soon followed in regard to those circuits, such as long 
transmission or communication lines, where the parameters are 
distributed. Again the fundamental differential equations fol- 
lowed immediately from those of Maxwell and had long been 
known. Heaviside had given in 1891 the solutions in terms of 
h\^erbolic functions expressed in scalon form. The subject 
was much advanced, however, when Kennelly in 1894 ® gave a 
clear and explicit solution in terms of complex hyperbolic func- 
tions, and still further when he introduced a notation for polar 
complex quantities and published sets of tables and charts of 
the trigonometrical functions of complex angles. 

The same clarification also appeared in connection with cir- 
cuits in free oscillations. Here there w^as a large mathematical 
background indeed in regard to the behavior of free mechan- 
ical systems, wdiich applied as well to the equivalent electrical 
networks. The parallelism between this behavior and that of 
the steady state became fully clear to many only when Kennelly 
published in 1915 ® a treatment in which notation was carefully 
carried over from one to the other. 

It is not necessary to review in detail the work on dissym- 
metrical networks, nor the large amount of accomplishment 
in regard to artificial lines.^^ In some of this, largely as a by- 
product, he extended the knowledge of certain types of con- 

® A. E. Kennelly, ^‘On the Fall of Pressure in Long Leads Traversed by 
Alternating Currents,” The Electrician, XXXII (January 5, 1894), pp. 
239-240. 

®A. E. Kennelly, ‘The Impedances, Angular Velocities and Frequen- 
cies of Oscillating-Current Circuits,” Proceedings of the Insfifufe of Radio 
Engineers, November 1915. 

^‘^A. E. Kennelly, “Dissymmetrical Electrical Conducting Networks,” 
Journal of the American Institute of Electrical Engineers (February 
1923), pn 1 12-122. 

^A. E. Kennelly, “Artificial Lines for Continuous Currents in the 
Steady State,” Proceedings of the American Academy of Arts & Sciences, 
XLIV (November 1908), pp, 97-130; “The Equivalent Circuits of Com- 
posite Lines in the Steady State,” ibid., XLV (November 1909), pp. 3T-~7S\ 
Electric Lines and Nets, New York: McGraw-Hill Book Company, 1928. 
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tinned fractions.^ ^ He also investigated at length the phenome- 
non of '*skin-el¥ect" by which the current crowds toward the 
periphery of alternating-current conductors, and followed this 
matter both theoretically and experimentally.^^ There was ex- 
tensive work on the heating of wires carrying current/*^ and 
upon the performance of the telephone receiver.^^ 

Lest it be thought, however, that all of Kennelly’s work had 
to do with precise analysis, mention should be made of his 
accomplishments of a somewhat diiferent nature. 

Most notable of these was the brilliant inspiration by which 
he dissipated the mystery surrounding the progress of radio 
waves over the surface of the earth. In 1901 Marconi an- 
nounced the reception in Nova Scotia of radio signals from a 

“A. E. Kennelly, “The Expression of Constant and Alternating Con- 
tinued Fractions in Hyperbolic Functions,” Hm-z'ard Annals of Mathe- 
matics, IX, second series (January 1908), pp. 85-96. 

^®A. E. Kennelly, “Impedance,” Transactions of the American Institute 
of Elec, Engrs,, X (April 18, 1893), PP. 175-216; A. E. Kennelly, F. A. 
Laws, and P. H. Pierce, “Experimental Researches on Skin Effect in 
Conductors,” ibid., XXXIV (September I9IS)> PP- 1953-2021; A. E. 
Kennelly, F. H. Achard, and A. S. Dana, “Experimental Researches on 
Skin Effect in Steel Rails,” Journal of the Franklin Institute, CLXXXII 
(1916), pp. 135-139; A. E. Kennelly and H. A. Affel, “Skin Effect Re- 
sistance Ivleasurements of Conductors at Radio Frequencies up to 100,000 
Cycles per Second,” Proceedings of the Institute of Radio Engineers (De- 
cember 1916), pp. 523-574; A, E. Kennelly, “Notes from the Research 
Division Electrical Engineering Department, Mass. Inst. Tech.,” Journal 
of the Franklin Institute, CLXXXIII (1917), PP. 509-51L 

^^A. E. Kennelly, “Heating Conductors by Electric Currents,” Con- 
vention of the Assoc. Edison Ilium. Cos., Niagara Falls, New York 
(August 13, 1889), pp. 11-32; A. E. Kennelly, C. A. Wright and _J. S. 
Van Bylevelt, “The Convection of Heat from Small (Topper Wires,” 
Transactions of the American Institute of Electrical Engineers, XXVIII 
(June 1909), pp. 363-393; A. E. Kennelly and H. S. Sanborn, “The 
Influence of Atmospheric Pressure upon the Forced Thermal Convection 
from Small Electrically Heated Platinum Wires,” Proceedings of the 
American Phil. Society, LIII (April 1914), PP- 55 - 57 ; A. E. Kennelly 
and E. R. Shepard, “The Heating of Copper Wires by Electric Currents,” 
Proceedings of the American Institute of Electrical Engineers, XXVI 
(June 1907), pp. 969-995; A. E. Kennelly, F. D. Everett and A. A. Prior, 
“Thermal Insulation Tests of Electrical Ovens,” Electric World, LXV 
(March 27, 1915)1 p. 779- 

^®A. E. Kennelly, “A Contribution to the Theory of Telephony,* 
Electrical World, XXIII (February 27, 1894), p. ^208; A. E. Kennelly 
and W. L. Upson, “The Humming Telephone,” Proceedings of the Ameri- 
can Philosophical Society (July 1908), Vol. 47, pp. 329-365; A. E. Ken- 
nelly and G. W. Pierce, “The Impedance of Telephone Receivers as Af- 
fected by the Motion of Their Diaphragms,*' Electrical World, LX (Sep- 
tember 14, 1912), pp. 560-565. 
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Station in England. The received energy was far greater than 
could have been expected from any simple three-dimensional 
wave expansion. ^loreover, if one assumed free propagation 
in the entire region above the earth and complete shielding b}’ 
the conducting earth itself, which would have been quite rea- 
sonable at the time, there was no reason for expecting any 
signal at all. Yet !Marconi, perhaps because he was fortunate 
in not possessing the incomplete current knowledge of the phe- 
nomena involved, tried the experiment, and the signals were 
received. Kennelly provided the explanation,^® by reason of 
the reflection of the w’aves from an upper stratum of ionized 
air, basing his explanation on some of the properties of rarefied 
gases w-hich had just been announced by J. J. Thomson. The 
ionized reflecting layer is usually called the Kennelly-Heaviside 
layer in view of the fact that Heaviside published essentially the 
same explanation later in the same year in the Encyclopaedia 
Britannica. Since that time there has been much study of the 
phenomena, and the layer is found to be multiple with extraordi- 
nary variations in position and composition. 

Kennelly made important contributions to illumination at a 
time when the art was greatly in need of better methods of 
measurement. In the course of many years his influence was 
felt in nearly every aspect of electrical engineering. Entirely 
apart from his strictly scientific and technical achievements, his 
influence on standardization and international interchange was 
profound. 


“A. E. Kennelly, ‘‘On the Elevation of the Electrically- Conducting 
Strata of the Earth's Atmosphere/’ Elec. World and Engr., XXXIX 
(March 15, 1902), p. 473. 

E. J. Houston and A. E. Kennelly, “An Instrument for Measuring the 
Mean Spherical Candlepower of Arc Lamps,” The Electric World, 
XXVII (May 9, 1896), p. 5C^; A. E. Kennelly and S. E. Whiting, “The 
Frequencies of Flicker at which Variations in Illumination Vanish,” ihid., 
XLIX (June 1907), pp. 1208-1209; A. E. Kennelly, G. R. Carter, S. C. 
Li, and E. A. Healey, “Flicker on Fixed and Rotating Targets,” Proceed- 
ings of the Ilium. Engineering Society (February 1911), p. 120; A. E. Ken- 
nelly, “A New Graphic Method for Determining the Mean Spherical In- 
tensity of a Lamp by the Length of a Straight Line when the Curve of 
Mean Meridional Intensity is Given,” Electrical World, LI (March 28, 
1908), pp. 645-649: “A Rectilinear Graphical Construction of the Spherical 
Reduction Factor of a Lamp,” Proceedings of the Ilium. Engineering 
Society (February 1908). 
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All who were his students remember him as a remarkable 
teacher, whose clarity and precision of expression made smooth 
the path of those struggling with the often abstruse intricacies 
of electrical phenomena. ^Moreover, there was always a bit of 
humor to relieve the tedium. 

He was at his best at a scientific meeting, where his geniality 
and ready wit enlivened man}’’ a discussion. In international 
gatherings in particular his precision of language, his unfailing 
courtesy, and his wide acquaintance aided greatly in bringing 
about understanding and good will. 

After his formal retirement from active teaching in 1930 he 
remained a valued member of the academic community in 
Cambridge. His eyesight failed rapidly, but he continued 
actively, and worked at his office every day even when nearly 
totally blind. Under these conditions he wrote several of his 
last papers, aimed at simplifying and coordinating the systems 
of units used by electrical engineers. 

Arthur Edwin Kennelly died on June eighteenth, 1939. 
honored by scientific men ever}’where, and leaving as a monu- 
ment to his work some three hundred and fifty publications of 
constant contribution to the art and science of electrical engi- 
neering. 
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ALBERT SAUVEUR 
1863-1939 

BY REGINALD A. DALY 

The nineteenth century was the age of steel; the twentieth 
begins the age of steels, many and better steels, on the use of 
which modern industries depend. New alloys of iron and im- 
proving methods of their treatment in the furnace have revo- 
lutionized the heavy industries and enormously increased the 
range and efficiency of consumers' goods. That social better- 
ment is largely the product of metallography, and a leader in 
the development of this science was Albert Sauveur. He was 
the Dean of American metallographers and a pioneering genius, 
i*ecognized b}^ the steel manufacturers of the whole world. His 
works do follow him, for his ‘‘Metallography and Heat Treat- 
ment of Iron and Steel” is still standard authority on the sub- 
ject, and his many students continue to si‘)read the influence of 
Sauveur ’s fundamental ideas. 

All)ert Sauveur, born in Louvain, Belgium, on June 2t, 1863, 
was of French l)lo()d — the son of I^ambert Sauveur (Prefet of 
the Athenee Royal in that city) and Hortense (Franquin) 
Sauveur. I Ic was educated at the Athenee Ro\-’al ; at the TJege 
School of Mines (r88i-i886) ; and at the Massachusetts Insti- 
tute of Technology, where, in 1889, he won the degree of 
Jb'ichelor of Science in Mining and Mctallurg>^ Immediately 
after graduation he accepted a position in the chemical labora- 
tory of the Pennsylvania Steel Company at Steelton, I’ennsyl- 
vania. In bis “Metallurgical Reminiscences” (1937) he wrote: 
“Life in a .steel mill chemical laboratory lacks enchantment. 
I ent<‘red it every morning at .seven (i’clock to leave it at six 
o'clock. I'o be .sure, on Saturclays we sto])])ed our labor at 
5 P. M., Imt as we. had only rift3^ minutes for refre.shment at 
noon you will .see that we. worked, if that is the correct way to 
express it, exactly sixty hours per week. 

“While 1 had been told that I would l)e paid $50 per month 
for my services, when my llr.sl pa^’ check arrived 1 found to my 
di.snpijointment and indignation that it was only for $40. T^'.st 
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you infer that a college education was worth very little in those 
days, you should recall that unskilled labor was being paid $i.oo 
for ten hours work whereas I received $1.67, from which it 
follows that a college education was worth sixty-seven cents.” 

After eighteen months of an unsatisfactory program of work 
assigned to him at Steelton, he accepted employment in the 
Bessemer mill of the Illinois Steel Company, South Cliicago. 
He was given a room to himself and supplied with an old- 
fashioned vertical microscope. With this equipment he was 
instructed to “study the structure of steel and the ailments to 
which his flesh is heir.” “Five happy years were spent in this 
way, nearly each day made brighter by what seemed to me a 
little advance in a research in which I was now deeply inter- 
ested, which was to continue forty-five years. . . . This early 
introduction of the microscope into the steel mill laboratory 
we owe solely to the vision of W. R. Walker, of blessed mem- 
ory, ... at the time general manager of the South Works of 
the Illinois Steel Company.” In his “Reminiscences” he also 
noted that Sorby’s classic paper on the microslructure of steel 
had been published in 1886, and that Osmond and Werth in 
France and Martens in Germany were also making contribu- 
tions to the new science. After the year 1891, when Sauveur 
began his own independent work, he kept in close touch with 
the American Howe, the English Arnold, Roberts-Austen, Had- 
field, and Stead, and the French Le Chatelier — “all stars of the 
first magnitude in the metallurgical sky.” 

With his crude microscope he pioneered further, making the 
first American microphotographs showing the internal structure 
of steel. Ever since, this method has been profitably used on a 
wholesale scale. He was soon able to prove to the official.s of 
his steel company that they liad been giving the wrong treat- 
ment to their metal, and he detailed the proof in his first publi- 
cation: “The Microstructurc of Steel” (1893), a paper later 
translated into French, German, and Russian. Although he had 
guided the steel company to a more scientific and effective way 
of manufacturing steel de.signcd for heavy duty, a new general 
manager did not understand what Sauveur had done in adding 
millions of <loIlar.s to the company’s products, and directed that 
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the scientific laboratory should be abolished!* Sauveur then 
opened a private laboratory in Boston, and, in 1898, had the 
courage to begin the publication of a quarterly journal called 
^"Metallographist,” later issued under the name ‘'Iron and Steel 
Magazine/’ During seven years this journal did much to stimu- 
late interest in the new science. In 1912 he published his 
"‘Metallography and Heat Treatment of Iron and Steel/’ a 
book now in its fourth edition and with total sale of nearly 
20,000 copies. About this time he opened a correspondence 
course in metallography, with ultimate enrollment of 1500 stu- 
dents. The value of his ideas was clearly shown by the fact 
that, between 1896 and 1901, ten of the leading steel companies 
in the United States equipped themselves for the microscopical 
examination of their many varieties of steel. 

Sauveur s principal contributions to the science and art of 
metallurgy may be summarized under four heads : ( i ) improve- 
ment in the technique of the microphotography of metals, an 
indispensable method of comparing internal structure and there- 
fore the conditions that control usefulness to man ; (2) research 
on the nature of the constituents of the many alloys, and on the 
important matter of establishing international nomenclature for 
those constituents; (3) discovery of the mechanism involved in 
the tcmi)cring of steel, with results so vital to the industry ; and 
(4) ])rolongecl and fruitful study of the effect of heat treat- 
ments on the grain, and therefore strength and toughness, of the 
iron alloys. In the words of Leon Guillel and Albert Portevin, 
Sativcnr was “constnteteur et creatcur d’outillage uietallo- 
graphique, ex])crimcntatcur et wsavant, editeur ct propagandiste, 
profcsscur cl educaleur,” who “personifia la nouvelle science 
(les metauK sous tons scs aspects et il leur a rendu d’inappreci- 
ables serviccvs. . . . Son oeuvre restera comme une des plus 
l)arfaitcs expression cle re])0(|ue crealrice de Thistoire de la 
nietallurgic scientifi(j[ue.” 

In 1890 Sauveur was called to Harvard University, where, 
in succevssion, he became : Instructor in Metallurgy (3899-C901 ) ; 
Assistant Professor (1901-1905); ProfevSsor 09 ^ 5 ~^ 9 - 24 ); 
Gordon McKay Professor (1924-1935); Professor Emeritus, 
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after 1935. During those years he published many technical 
papers, listed in the following bibliography. His writings, like 
his university lectures and conversation, were remarkably lucid, 
proving complete mastery of our language, which he had made 
his own only after his twenty-third year. 

On June 4, 1891, Sauveur was married to Mary Prince Jones 
of Spencer, Massachusetts. Their children included Albert 
(deceased), Hortense (now Mrs. Romeyn Taylor), and Mary 
Isabella (now Mrs. George C. Eaton). 

A man of the world, the world has showered honors upon 
him. His honorary degrees include: Sc.D., Case School of Ap- 
plied Science, 1921; Sc.D., University of Grenoble, France, 
1924; Sc.D., University of San Marcos, Peru, 1925: D. Eng., 
Lehigh University, 1926; S.D., Harvard University, 1935. In 
1919 he was awarded the Elliott Cresson Gold Medal of the 
Franklin Institute; in 1924, the Bessemer Medal of the Iron 
and Steel Institute of Great Britain. He was the first recipient 
of the Albert Sauveur Achievement Medal of the American 
Society for Metals. Posthumously, the Association of Gradu- 
ate Engineers of the University of Liege honored him with the 
Trasenster Medal, and the Franklin Institute honored itself by 
enrolling Sauveur's name among the men to whom the Franklin 
Medal has been voted. France and his native Belgium recog- 
nized his distinction by electing him Officier of the Legion 
d’Honneur, Officier d’Academie, and Officier of the Order of 
Leopold. 

Sauveur was a member of the National Academy of Science.s, 
of the American Academy of Arts and Sciences, of the Ameri- 
can Philosophical Society, of the Iron and Steel Institute of 
Great Britain, the Iron and Steel Institute of America, of Sigma 
Xi, and of Tau Beta Pi. He was elected to honoraiy member- 
ship in the American Institute of Mining and Metallurgical 
Engineers, the American Society for Metaks, the Society of 
Engineers of the Liege School of Mines, the Societe des 
Ingenieurs Civils de France, and the Societe de ITndUvStric Na- 
tionale (France) ; and to corresponding membership in the 
Societe d 'Encouragement pour ITndustrie Nationale (France). 
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During the period 1917-1919 he served as metallurgist for 
the American Aviation Commission in France, and also as 
metallurgical expert in the French Ministry of Munitions. In 
1924 he was the Henry Clarion Howe lecturer to the American 
Institute of Mining and Metallurgical Engineers; in 1929, 
Henry de Mille lecturer to the American Society for Steel Test- 
ing; in 1938, Marburg lecturer to the American Society for 
Testing Materials. He was a United States delegate to the 
Pan-American Scientific Congress at Lima, Peru (1924). For 
many years he was steadily retained as metallurgical consultant 
by several large corporations using special steels in the manu- 
facture of factory and domestic tools. 

But Albert Sauveur was much more than a master of his 
craft. Like one of his own steels, his spirit was exquisitely 
tempered for service among all sorts of men — a spirit of intelli- 
gence and cooperation that made for complete happiness in his 
family, and for the love and respect of students and colleagues 
alike. His insistence on clearness of thought was coupled with 
deep sympathy with, and understanding of, all with whom he 
worked. He '‘allied French finesse with Anglo-Saxon humor.” 
These inl)orn graces of the soul and his never-failing, perfect 
courtesy explain the unique, unforgettable charm of All)ert 
Sauveur. It is a glory for Belgium to have produced him, and 
for America to have facilitated, however imperfectly, his de- 
velopment as a pioneer in science and as a man who was truly 
and thoroughly civilized. 
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DAVID WATSON TAYLOR 
1864-1940 

BY WILLIAM HOVGAARD 

David Watson Ta^dor was born on his father’s farm in Louisa 
County, Virginia, on March 4, 1864, the son of Henry and 
Mary Minor (Watson) Taylor. After elementary education 
at home, he was sent to Randolph- Alacon College, Ashland, 
Virginia, at the age of thirteen, the youngest boy in the college. 
Upon graduation in 1881, he was appointed to the United States 
Naval Academy and graduated as a cadet engineer in 1885 at 
the head of his class, with the highest scholastic record of any 
graduate of the Academy up to the present time. During his 
fourth year at the Academy, he was not only the ranking cadet, 
but a member of the football and baseball teams, president of the 
athletic association and chairman of the “hop” committee. After 
three months’ service on the U. S. S. Pensacola, the flagship of 
the European Squadron, commanded by Captain George Dewey, 
he was selected by the Navy Department for assignment to study 
at the Royal Naval College in Greenwich, England. At that 
time there was no special course in this country for the design 
and construction of warships and naval machinery and for 
several years the Navy Department had sent young naval officers 
to study those subjects in England and France and later also in 
Germany. Taylor was ordered to England and entered the 
post-graduate course at Greenwich in 1885, specializing in marine 
engineering. He graduated from the Royal Naval College in 
t888, receiving a first-class certificate, making the highest record 
of any English or foreign student at the College up to that time. 
While at Greenwich he was appointed Assistant Naval Con- 
structor in 1886 because of his high standing at the College. 
In fact, at the annual examination of his first year at the College 
he was awarded a firvSt prize in a class of 24 students. 

Upon his return to the United States, Taylor was assigned 
to duty at Cramp’s shipyard in Philadelphia. 

In 1889 he was a member of the board of experts considering 
alleged defects in the battleship Texas building at Norfolk. 
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About the same time he assisted in preparing the designs of naval 
vessels for the consideration of the Board of Naval Policy, It 
was in those years that the upbuilding of the '"New Navy” 
began, and Taylor took an active part in this work in several 
ways. 

In 1891 he was promoted to the grade of Naval Constructor 
and from 1892 to 1894 he seiwed as Construction Officer in the 
Navy Yard, Mare Island, California. In 1894 he was assigned 
to duty in the Bureau of Construction and Repair at Washington 
as principal assistant to the Chief Constructor. His connection 
with the designing and construction bureau of the Navy De- 
partment, thus commenced, continued throughout the remainder 
of his active career in the Navy. In 1898 he was ordered to 
Havana to arrange for and to fit the floating dry dock for towage 
to the United States. He was promoted to the rank of Com- 
mander in March 1899, to the rank of Captain in March 190T, 
and to the rank of Rear Admiral in 1917. 

For about eight years, from 1914 to 1922, Admiral Taylor 
served as Chief Constructor and Chief of the Bureau of Con- 
struction and Repair. This term included the period of the 
World War. In 1917 he was appointed a member of the 
National Advisory Committee for Aeronautics, repi*cscnting 
the Navy. 

Admiral Taylor was retii'ed at his own request, January 1 5, 
1923, after more than forty-one years' service. 

Following his retirement, Admiral Taylor served as Secre- 
tary of the National Advisory Committee for Aeronautics, 
1923-1926, and was appointed Vice Chairman in 1927. 1 Ic also 
served as Consultant for the Shipping Board. 

In 1925 Admiral Taylor became a Director of Gil)l)s Brothers, 
Inc., Naval Architects and Marine Fngincers, and later with 
the organization of Gibbs & Cox, Inc., in i()2(), he became a 
Director of the new firm and also Vice-President. 

Admiral Taylor married Iniogene Maury Morris of Louisa 
County, Virginia, on (X'tol)er 26, 1892. They had four children : 
Dorothy Watson, May Coleman, David Watson and fmogeno 
Morris. 
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In the spring of 1932, at a time of life when he might still 
have rendered further valuable service to the country. Admiral 
Taylor was stricken with paralysis and after this tragic event 
he was helplessly confined to chair and bed for the remaining 
eight years of his life. He spent his time largely at the Naval 
Hospital in Washington, always under the care of his wife. He 
died at the hospital on July 28, 1940. 

Taylor as a Naval Architect and Scientist 

Even in the earliest years of his career, Taylor produced 
original work of practical and scientific value. 

He critically investigated the various methods of ‘'ship calcu- 
lation” for the determination of displacement as well as the 
characteristics of buoyancy and stability and formulated a 
method of calculation which became the standard for the Navy. 

In 1893 wrote his first book entitled: Resistance of Ships 
and Screz^ Propulsion, a subject which was to become his life's 
principal work. This book formed the foundation for his later 
more complete and classical volume to be described below. 

In 3894 Taylor read a paper entitled: "Ship-shaped Stream 
Forms,” before the British Institution of Naval Architects, in 
which was revealed his high analytical ability and capacity for 
original mathematical research. This paper was awarded the 
gold medal of the Institution in 1895, the first time this honor 
was bestowed on an American. 

Taylor brought to the attention of the naval authorities the 
great handicap under which the naval designers of the United 
States labored through lack of experimental facilities, notably 
a model basin for experimentation with small ship models, such 
as ix)ssessed at that time by several foreign governments and 
private esta))lishments. His persistent advocacy and convincing 
ai'guments for the need of such facilities led to the appropriation 
of funds for the establishment of the Experimental Model Basin 
at the WavShington Navy Yard. The details of the design of 
the Model Basin and its actual construction were placed under 
the immediate supervision of Taylor and the basin was com- 
pleted and ready for operation by 1899. He then began an ex- 
tensive and systematic series of experiments and investigations 
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on the subject of resistance to the propulsion of ships and on 
the action of propellers, which continued under his immediate 
direction up to the time of his appointment as Chief of the 
Bureau of Construction and Repair in 1914. The results of 
these systematic investigations were scientifically analyzed and 
tabulated, and from time to time conclusions deducible there- 
from, with supporting data, were published in various papers, 
mostly in the Transactions of the Society of Naval Architects 
and Marine Engineers, of which he was one of the founders. 

In 1910, the extensive research work performed by Taylor 
up to that time, in connection with the model basin, was published 
in his great work: ''The Speed and Power of Ships/' which 
has become internationally known as the standard book on this 
subject. In the preface Taylor sums up the purpose of this 
book in the following words : 

‘‘The intention of this work is to treat in a consistent and 
connected manner, for the use of students, the theory o[ resist- 
ance and propulsion of vessels and to give methods, rules and 
formulae which may be applied in practice by those who have 
to deal with such matters. The contents are based largely upon 
model experiments, such as were initiated in England nearly 
half a century ago by Mr. William Fronde and arc now generally 
recognized as our most effective means of investigation in the 
field of resistance and propulsion. At the same time care has 
been taken to point out the limitations of the model experiment 
method and the regions where it ceases to be a reliable guide. 

After an introductory chapter on hych*odynamics, pertinent 
to this subject, the book deals comprehensively with the problem 
of resistance to driving a ship through watci', in all its aspects, 
with special regard to the use of small models. The results of 
the vast experimental work are expressed in a great number of 
diagrams, giving curves which represent the resistance of a scries 
of models, derived from a parent form by variation of the prin- 
cipal characteristics such as beam-draught ratio, speed-length 
ratio, coefficients of fineness, etc. 

The third chapter is devoted to the difficult subject of pro- 
pulsion, which is here treated in a most complete and masterly 
manner. It comprises the general theory of propeller actionj 
the results of extensive scries of experiments with small models, 
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presented in numerous diagrams b}" curves, various special prob- 
lems such as that of cavitation, and finally a full discussion of 
the strength and design of propeller blades. 

The last chapters deal with ship trials and their analysis, and 
with the important practical problem of powering of ships, that 
is, the calculation of the engine power required to drive a given 
ship at a certain speed. 

Altogether the book is an outstanding classic in engineering 
literature. Ta3dor had the rare advantage of a brilliant mind 
and a natural talent for expressing himself in concise scientific 
language. He was never satisfied until he had reached perfection 
in exposition and he avoided always the pitfall of stating opinions 
that were not completely buttressed by facts. His talent for 
experimental work found the best possible opportunity for de- 
velopment and achievement, due to the fact that he had at his 
disposal and under his independent direction a well equipped 
experimental plant, shaped according to his own ideas and pro- 
vided with an exceptionally able staff of his own selection and 
trained by himself. His master mind used this tool to full 
efficiency. 

The Navy Department allowed Taylor to hold his position as 
scientific expert and head of the Experimental IModel Basin in 
Washington continuously for about twenty years. This is con- 
trary to the ordinary routine according to which officers do not 
hold the same commission or office for more than four years. 
Thus Taylor was given the opportunity of continuous and con- 
sistent study and research, and the outcome was a work of rare 
excellence and value. 

In 1933 a second revised edition of his book was published, 
following closely tlac same principles in mode of presentation, 
l)ut containing much new material, largely based on experimental 
data from the model bavSin, accumulated since the publication of 
the first edition in iQio. The new edition was prepared with 
the assiwstance of Lieutenant Commander A. S. Pitre (CC), 
U. S. Navy, the Admiral’vS capacity for work being at that time 
impaired by his illness. The book has placed ship designers of 
all countries under a great and lasting ol)ligation to Admiral 
Taylor. 
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In 1909 Taylor published a paper on ‘"Some Model Experi- 
ments on Suction of Vessels/' read before the Society of Naval 
Architects and Marine Engineers in New York, explaining the 
'‘suction'’ which tends to draw ships together when they pass 
close to one another. Not long after, a collision occurred between 
the British cruiser Hazvke and the White Star liner Olympic, 
In the ensuing trial the British Admiralty claimed that the col- 
lision was due to "suction" and in 1911 Taylor's services as 
technical expert were requested by the Admiralty and were 
loaned by the United States Government. The decision, which 
was strongly influenced by Taylor’s testimony, was in favor of 
the Admiralty’s contention. 

The work at the Model Basin under Taylor’s guidance ex- 
tended outside the field of resistance and propulsion of ships and 
came to comprise several other problems in engineering. 

To the writer’s knowledge, one of the earliest and most com- 
plete sets of experiments on the artificial ventilation of ships was 
that made by Taylor at the Experimental Model Basin. His ex- 
periments were conducted through a number of years and led to 
a rational scientific mode of design of ventilating systems, now 
adopted in the United States naval vessels. 

In 1901 he published a paper on the balancing of recipro- 
cating marine engines, giving the most complete analysis of the 
problem up to that time. An analysis and experiments were 
made on the problem of gyroscopic control of the rolling of 
vessels for the late Dr, Elmer Sperry, which proved to be most 
useful in the development of the Sperry control apimratus, 

Taylor was appointed Chief Constructor with the rank of 
Rear Admiral in 1914 and served in that capacity during the 
World War and until 1932. He was responsible for the design 
of an unprecedented number of vessels; actually more than 

1.000 vessels, large and small, with a total displaccmctit of al)ont 

1.200.000 tons, were built under his supervision, while in aclcH- 
tioii half a million tons of vessels were designed atid begttn, but 
discontinued or scrapped after the Washington Naval Con- 
ference of 1922. 
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Achievements in Aeronautics 

The following is quoted from the ‘‘commemorative apprecia- 
tion'* by Dr. W. F. Durand on the occasion of the award of the 
John Fritz medal to Admiral Taylor in 1930: 

“Admiral Taylor has made notable contributions in the field 
of Aeronautics chiefly through two connections with public 
affairs : first, as Chief Naval Constructor and second, as member 
of the National Advisory Committee for Aeronautics. 

“In the early developments in the Navy, with reference to 
aircraft both heavier than air and lighter than air, the respon- 
sibility for design and for supervision of construction were 
placed in the office of the Chief of Naval Construction, the same 
for aircraft as for water craft. Admiral Taylor, as Chief Naval 
Constructor bore from 1915 until 1921, when the Bureau of 
Aeronautics was formed, the entire responsibility for the design 
and construction of Naval Aircraft, which were carried brilliantly 
forward under his direction. Perhaps the most notable achieve- 
ment was the development of the NC type of flying boat, initiated 
by Admiral Taylor with the idea of having Naval seaplanes of 
the patrol type, capable of flying across the Atlantic and thus 
of insuring their presence in European waters if German sub- 
marine warfare should prevent their shipment on surface vessels. 

“In 1917, Admiral Taylor was appointed a member of the 
National Advisory Committee for Aeronautics, representing the 
Navy. Upon retirement as Chief Constructor in 1922, he was 
rea])pointcd from civil life, in appreciation of his distinguished 
attainments. He served as Secretary, 1923-1926, as Vice-Chair- 
man, 1927-1930, and as chairman of the committees on Aero- 
dynamics and on Aeronautical Inventions, since 1927. 

“Of the equipment for aeronautic research at the Committee's 
laboratory at Langley Field, for which Admiral Taylor has been 
largely responsil)le, the variable density wind tunnel set a new 
mark in the field of experimental research on reduced scale 
models; the full scale propeller research tunnel; the full scale 
wind tunnel, and the sea])lane towing channel, are unique in 
size and in the l)oldness and character of their design. They are 
quite unapproached elsewhei'c in the world. 

“Through the pioneer work of the Bureau of Construction 
and Repair under his dii-ection, and through his long and effec- 
tive service as member and officer of the National Advisory 
Committee for Aeronautics, Admiral Taylor has made a deep 
and lasting imprint on the development of Aeronautics in the 
United States/' 
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It may be added that it was largely due to Admiral Taylor's 
vision that the Bureau of Aeronautics was established. He 
realized the need for an independent bureau in the Navy Depart- 
ment to handle the great expansion in Navy aviation which he 
so clearly foresaw. He used his great personal influence in the 
Navy Department and in committees in Congress to obtain the 
necessary legislation. When the new bureau was set up he 
assisted it by turning over to its control a great part of the com- 
missioned and civil personnel which formed its original staff. 

It is of interest to note that the flying boat NC-4 was the first 
heavier-than-air craft to cross the Atlantic. 

Character and Personality 

In order to throw light on the character and personality of 
Admiral Taylor, the following tributes from some of his col- 
leagues and friends are here given. 

Rear Admiral George H. Rock, one of his contemporaries 
in the Construction Corps, writes as follows : 

‘T never knew any one who I thought had such a fine mind, 
was so broad as well as practical in all matters, had such clear 
foresight and, withal, was so gentle and lovalfle at all times. 
He had, also, that truly rare gift of being able to answer a 
question without making the inquirer feel that he should have 
known the answer. Always plain spoken, he never gave offense, 
even to supersensitive or to poorly informed persons, 1)ecausc 
of his natural manner and his well-chosen words. His charac- 
ter, his fine instincts, his unobtrusiveness and his intuitive 
knowledge of persons and of affairs, were so exceptional as to 
place him above others without causing any jealousy or ill feel- 
ing — only respect and admiration. My feelings arc the result 
of some forty years of intimate and affectionate [riendship/' 

Captain Lewis B. McBride (CC) USN. (Ret.), writes: 

'Tt was my privilege to serve under Admiral Taylor during 
several periods and to enjoy his friendship for thirty years. 
Others have paid tribute to his technical and scientific accom- 
plishments. To me these were always overshadowed by his 
human qualities ; his wisdom, common sense, humor and intuitive 
understanding of other human lieings and their problems. It 
wa,s these qualities that led so many men of high standing in 
political and business life to seek his advice and to be influenced 
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by his judgment. He was a philosopher as well as a man of 
science and a man of action; a man who would have attained 
distinction in any field of human endeavor which he had chosen 
to enter.'' 

Mr. William Francis Gibbs, Vice-President of Gibbs & Cox, 
Incorporated, writes : 

“My brother and I met x\dmiral Taylor in about 1914 while 
he was Chief Constructor of the Navy, and thereafter we con- 
sulted with him on problems of propulsion. We came to have 
a very high regard for his foresight and calm judgment and 
his almost intuitive approach to propulsion problems. 

* sje * 

“With his retirement in 1923 the thought occurred to us he 
might be willing to join with us in a consulting capacity. Con- 
sidering x^dmiral Taylor’s great reputation and standing and 
our relative inexperience and the difficult periods through which 
we were passing, it was with diffidence that we suggested the 
possi])le alliance. Admiral Taylor accepted this suggestion with 
alacrity and we were very proud of the fact that such an out- 
standing figure was willing to join with us. 

“In joining our firm he explained that one of his I’easons was 
that we were trying to accomplish a forward looking advance 
in the art. 

“His advice was invaluable, not only on technical matters, 
but ])articularly on the policy of the firm and his insistence on 
a forward looking and high quality of design was an inspiration 
to us all. 

“Admiral Taylor, during his connection with our firm, and 
up to the time of his illness in April 1932, had an intimate 
connection with all of our work, and his efforts were particu- 
larly outstanding in the design of the four Grace Line ships, 
the Santa Rosa, Santa Paula, Santa Lucia and Santa Elena. 
These shi])s were outstanding in economy and very high pro- 
l)ulsivc efficiency, and their success was in large part due to 
Admiral 1'aylor’s assistance. 

“During our years of association and after his illness when 
we all saw him from time to time at the hospital, he had en- 
deared himself to all of us, and niy brother and I counted on 
him as our best friend and wisest counsel His courtesy, con- 
sidei-alion, wisdom and vast technical skill and intuition com- 
manded our deepest admiration. 

“We have always been proud that Admiral Taylor associated 
himself with our firm. He gave us confidence that the prin- 
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ciples for which we were contending were right and worthwhile, 
and we like to think that the progress which we have made was 
a matter of satisfaction to him and was the result of the wisdom 
of his advice and his helpful counsel.^'’ 

Rear Admiral E. S. Land (CC), U.S.N. (Ret.), Chairman 
of the United States Maritime Commission, writes : 

''David W. Taylor was my 'father confessor’ from 1913 to 
the time of his death — a period of twenty-seven years. 

"No important step in my career was taken without obtain- 
ing his advice. 

"I always looked upon him not only as the outstanding naval 
architect and marine engineer of the world but also as the 
wisest man of my acquaintance. 

"In my sixty-odd years of existence no other man had as 
much to do with my professional career as Admiral Taylor. 

“His sense of humor was so keen, his interests were so varied, 
his knowledge so great, and his character so splendid, that it 
was a genuine pleasure to consult him on any sul)jcct from 
football to the square root of minus one! 

"During his protracted illness it was always an inspiration 
to me to visit him and one left him with renewed determination 
to solve the problem at hand. 

"He was a man among men. 'All the world could stand up 
and say: "This is a man.” ^ 

'1 can only add that he had my deep affection and great 
esteem.” 

Professor Henry H. W. Keith, Head of the Department of 
Naval Architecture and Marine Engineering, Massachusetts 
Institute of Technology, writes: 

"I worked for Admiral Taylor as a ship draftsman at the 
Model Ba.sin in the Washington Navy Yard from rqo5 U) 
19 ro, starting in immediately after graduation from M. 1 . Ik 
At that time the Model Basin had been in oi^cration only a 
short time and most of the work was necessarily of pioneer 
character. I have always felt that I was ])articularly fortunate 
in being there during those early years as, in addition to the 
routine work of testing models of hulls and propellers, a great 
deal of original research was carried on under Admiral 'I'aylor’s 
supervision. While I was at the Basin, his book ‘The vS])eecl 
and Power of Ships’ was written and publivshed, his work on 
the mathematical line.s of ships was developed, and his early 
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experiments in connection with the ventilation of ships and 
the application of the gyroscope in rolling were undertaken. 

‘‘Although I had but a small part in these projects, I was 
kept extremely busy in trying to keep up with the work, and 
I well remember the extra studying I had to do in order to 
understand what it was all about. Admiral Taylor always took 
a personal interest in whatever work was in hand, and in my 
case I shall always look back with extreme gratitude for the 
time he spent with me at my own drafting table. His comments 
were always very much to the point, and the brief contacts 
I had with him will always be a treasured memory.’" 

Commander A. S. Pitre of the Construction Corps, who had 
the opportunity to work with the Admiral during his final illness, 
writes as follows: 

“I knew the Admiral only after he had been stricken in the 
spring of 1932. After regaining some measure of relief, he 
requested that I complete the revision, that he had undertaken, 
of his ‘Speed and Power." I was in no wise fitted for this 
important task, but despite my protest and with the renewal 
of his request, I was persuaded to undertake this work. 

“His condition during the early stages of his illness did not 
permit of any extended technical discussions. I was requested 
to confine my remarks to ‘restful" subjects. Later, with his re- 
markaljle recovery (I refer to his mental faculties), we did 
engage in some technical discussions especially concerning 
problems of propulsion that continually challenged his interest. 
I found him always eager to hear of our work and progress 
in the Model Basin (where I was attached at the time). 

“The predominating characteristics that excited my admira- 
tion wei'e his high courage and genial disposition during so 
many days that must have been a real trial to all his hopes 
and plans. I never found him cross, unwilling to talk, nor 
impatient with me in my own poor efforts to afford him some 
measure of social as well as professional companionship. When 
he found that I too. liked detective stories, we enjoyed many a 
moment. Ilis interest in this ‘terrible stuff" (this is Mrs. Taylor 
speaking) ran entirely to the fiction side. 

“I was detached from Washington in October 1935. Up to 
that moment, I never once saw the Admiral but what his hopes 
were high that some day he would walk again. He continually 
looked forward to the summers when he was permitted to re- 
turn to his home at Waldrop, Virginia. At this time he again 
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indulged in his hobbies — farming and the raising of bees. When 
he returned to the hospital in the falh he immediately started 
anticipating his return trip to the farm in the following summer. 
These personal observations may not sum to very much but to 
my unpracticed eye, they really are a great monument to his 
courage and to the serenity of his common sense philosophy.’^ 

There is one field of work which commanded Admiral 
Taylor’s continued interest over almost forty years which has 
not, apparently, received mention in any other obituary or 
memoir; that is, his interest in insurance. The Navy Mutual 
Aid Association was founded many years ago as a form of 
mutual assessment insurance for officers of the service. Captain 
John R. Hornberger (SC) USN., (Ret.), the present secretary 
of the Association, gives the following memorandum on Admiral 
Taylor’s service to the Association : 

‘‘Rear Admiral D. W. Taylor was elected a member of the 
Board of Directors of the Navy Mutual Aid Association on 4 
January 1898. He served continuously as a mcmlier of this 
Board until his death, 28 July 1940. He held the office of Vice 
President from January, 1910, until January, 1923. 

“During his long service as a member of the Board of Di- 
rectors, Admiral Taylor contributed much to the success of the 
Association. He conducted such actuarial studies as were made 
during his active period of membership, and was responsible 
for the preparation of the assessment ratios and rates estab- 
lished in 1900. He prepared a pamphlet on Navy Mutual Aid 
protection and on the general subject of insurance in 191 4. Jtnd 
a similar publication in 1930, commemorating the fiftieth anni- 
versary of the Association. 

“Although unable to attend the meetings of the Board of 
Directors during his last years, Admiral Taylor retained a lively 
interest ?n the y\ssociation and his advice and suggestions were 
most helpful to me in making the studies which led to the cliange 
to the level premium bavsis on i January 1939.’' 

In recording the personal contacts which the writer of this 
memoir had with Admii-al Taylor, the personal ])ronoim will 1)0 
used for the sake of ])ricfncss and convenience. 

It was niy privilege to become intimately acquainted with 
Admiral Taylor and to form a friendship with him while wc 
wore still young. This happened at the lime when he studied 
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at the Royal Naval College in Greenwich, where our terms of 
study overlapped by one academic year, 1885-6, this being 
his first and my last year. 

At the end of April in 1886, during our Easter vacation, 
Taylor and I made a trip to Paris on a tricycle. As Taylor did 
not ride a bicycle, we chose a tricycle of the ‘"sociable” type, 
where we sat abreast of each other. We tpok the boat from 
Newhaven to Dieppe and went through Rouen, Alengon, Le 
Mans, Nogent-le-Rotrou, Chartres to Versailles, from where 
we took the train to Paris. France looked beautiful in the 
warm and sunny spring weather and people were everywhere 
very friendly. At that time bicycles were little known in 
France and our novel machine, as well as our cyclist dress, 
made quite a sensation : “Ah, voila la petite voiture !” Some- 
times people would stop, laugh at us and shake their heads ex- 
claiming: “Voila les Anglais!” When, driving through a vil- 
lage, we took a child up in front of our machine, people were 
delighted. 

I saw Taylor again on visits to London in 1887 and 1888, 
and it was always a wonder to me how easily he carried the load 
of the course, which on the side of mathematics was very heavy 
indeed. Yet, he obtained a first-class certificate and passed his 
final examination with the highest record ever attained at the 
Royal Naval College up to his time. 

On one of my visits to London in 1887, together with the 
Danish Chief Constructor, Commodore K. Nielsen, Taylor took 
dinner with us. The Commodore, who was known as a keen 
observer of men, was much impressed by Taylor and remarked 
to me afterwards : “That young man is a genius 1 ” 

At the beginning of 1901, I was ordered by the Danish Gov- 
ernment on a voyage of study to the United States for the pur- 
pose of investigating the problem of submarine boats, which 
had just then, after many years of experimentation, been solved 
by John P, Holland. On that occasion I again had the pleasure 
to meet Taylor, who was most hospitable and helpful to me 
and I had an opportunity to see the newly established Model 
Basin. When I left Washington I said to him ; “Well, goodbye, 
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I suppose we shall never meet again.’’ '"Oh/’ he said, ""don’t 
be too sure of that ; somehow, when people once find their way 
to this country, they usually come back again.” I did not at- 
tach any importance to this remark, but a few months later, 
in jMay, I received an invitation from Massachusetts Institute 
of Technology to take charge of the new Course in Naval Con- 
struction, which it was planned to establish for the training of 
young American naval officers in that subject. As I learned 
afterwards, it was due to Taylor’s suggestion and his influence 
with the Chief Constructor, Rear Admiral Francis T. Bowles, 
that I had the honor to be selected for this task. 

In all my early years in this country I met the greatest hos- 
pitality and friendship in Taylor’s home in the Washington 
Navy Yard. From the Model Basin, Taylor supplied me with 
much information and rendered assistance which was of the 
greatest value in my work of instruction. On more than one 
occasion, special experiments were carried out in the tank in 
order to assist me in my research work. Taylor’s books and 
papers were in constant use in my course and were of the great- 
est assistance in the instruction. 

On one occasion I tried to assist Taylor in his hob 1 :)y of farxii- 
ing. He asked me to get for him some Danish walnuts, which 
he thought would be perhaps more hardy than the American 
walnuts and better capable of standing the climate of Virginia, 
but it appears they were not entirely successful. 

Various Activities and Honors 

Admiral Taylor was a member of the Society of Naval Archi- 
icets and Marino Engineers from its foundation in 1893, and 
contributed to it twenty scientific pa])crs, many of tlicin of great 
importance for the science of naval architecture and naval con- 
struction. He was President of the Society for three years, 
from 1925 to 1927, and in 1936 the Society estaldishod in his 
honor the David W. Taylor Medal, the first award of which 
was made to Rear Admiral Taylor for ""notalde achievement in 
naval architecture and marine engineering/* 
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Referring to his service as Chief Constructor during the 
World War, he was awarded the Distinguished Service Medal 
by Congress for ''exceptionally meritorious service in a duty of 
great responsibility.” For similar service he was made a Com- 
mander of the Legion of Honor by the French Government. 

It has been already mentioned that in 1895 Admiral Taylor 
was awarded the Gold Medal of the British Institution of Naval 
Architects for his paper: "On Ship-shaped Stream Forms.” In 
1901, he was awarded a prize by the Society of Naval Archi- 
tects and Marine Engineers, In 1907 he was awarded the Gold 
Medal of the F^^anklin Institute, Philadelphia. In 1931 he was 
awarded the Shipbuilding Gold Medal of the North East Coast 
Institution of Engineers a 7 id Shipbuilde 7 's of England, of which 
he had been an Honorary Fellow since 1925. 

He was awarded the honorary degree of Doctor of Engineer- 
ing by Stevens Institute of Technology, Hoboken, N. J., in 
1907; the honorary degree of Doctor of Science by George 
Washington University, Washington, D. C., in 1915; the hon- 
orary degree of Doctor of Laws by Randolph-Macon College, 
Ashland, Va., in 1922, and the same degree by the University 
of Glasgow, Scotland, in 1924. He was nominated Honorary 
Vice-President of the Institution of Naval Architects in Lon- 
don, 1931. He was awarded the John Fritz Gold Medal for 
1931? by the Amcidcan Society of Civil Engmeers, the American 
Institute of Mining and Metallurgical Engineers, the American 
Society of Mechanical Engineers and the A^nerican Institute of 
Electrical Engineers, for "outstanding achievement in marine 
architecture, for revolutionary results of persistent research in 
hull design, for improvements in many types of warships and 
for distinguished service as Chief Constructor of the United 
States Navy during the World War.” 

Admiral Taylor was elected a member of the National 
Academy of Sciences in 1918. 

On October 5, 1937, the Secretary of the Navy issued Gen- 
eral Order No* 100 reading as follows: “The Naval Experi- 
mental Model Basin, Carderock (P. O. Cabin John), Maryland, 
is hereby established and will be known as 'The David W. 
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Taylor Model Basin'.” On November 4, 1939, the new model 
basin was formall}" dedicated in the presence of Rear Admiral 
Taylor himself as well as of all Navy Department employees in 
Washington, both active and retired, who had served with 
Rear Admiral Taylor at the Experimental Model Basin and at 
the Bureau of Construction and Repair. On behalf of the 
members of the Construction Corps, Rear Admiral and Mrs. 
Taylor were presented with an etching of the Admiral executed 
by Mr. Harry Moskowitz of Philadelphia. A reproduction of 
this etching presented by IMrs. Taylor is incorporated in this 
memoir. 

Admiral Taylor was a member of the Phi Beta Kappa, the Phi 
Kappa Psi, and the Army and Navy Club of Washington. 
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Calculations for Ships’ Forms. Scientific American, Supplement. Vol. 81, 

1916, pp. 182-3. 

Science of Naval Architecture. Scientific American, Supplement. Vol. S3, 

1917, pp. 386-7. 
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The Cost of Navy Mutual Aid Insurance. Pamphlet, Navy Mutual Aid 
Association, U. S. Navy Department, 1914. 

Present Status of the Navy Mutual Aid Association. Pamphlet, Navy 
Mutual Aid Association, U. S. Navy Department, 1927. 

Propeller Design Developments. World Engineering Congress in Japan, 
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Navy Mutual Aid Association, U. S. Navy Department, 1930. 
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FREDERICK LESLIE RANSOME 
1868-1935 

BY EDSON S. BASTIN 

Frederick Leslie Ransome was born in Greenwich, England, 
December 2, 1868, and came of Quaker stock. When he was 
only two years old his family emigrated to San Francisco, 
arriving there in 1870 when the city was in a period of rapid 
building and commercial development. His father, Ernest 
Leslie Ransome, founded there the Ransome Concrete Ma- 
chinery Company and became a pioneer in American concrete 
construction, building the first concrete building and the first 
concrete bridge in America. He died in 1917. Of him Dr. 
Ransome wrote “From my father was probably inherited or 
learned a fondness for mechanical work, some recognition of 
tlie importance of systematic and conscientious industry, a 
realization of the importance of truth and personal integrity, 
and a sense of impartial justice.’’ Ransome’s mother, Mary 
Jane Dawson Ransome, was the daughter of a farmer in 
Suffolk, England. Of her he wrote “whatever love I have for 
good books, music, and art comes chiefly from my mother.” 

Ransome’s elementary and secondary education was obtained 
in the California schools and his higher education at the Uni- 
versity of California, from which he graduated in 1893. At the 
time he entered the University there was little to awaken a 
ycning man’vS interest in geology except the personality of Joseph 
Le Conte and almost no attempt was made to utilize the great 
natural advantages of the region for schooling in field geology. 
In 1890, however, Andrew C. Lawson came to Berkeley fresh 
from his doctoral work at Johns Hopkins as professor of 
mineralogy and geology. In the words of one of Ransome’s 
fellow students, Lawson “was like a spark in dry tinder to 
us older students” and we “took fire at the first suggestion 
of field work,” 

In the summer of 1892 Lawson began geologic field work 
on the San Francisco sheet with Charles Palache as his assistant 
and the next summer Ransome began geologic surveys north 
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of the Golden Gate in IMarin County. This was virtually the 
first detailed geologic mapping done in California. In 1894, 
when Charles Palache went abroad for study, Ransome suc- 
ceeded him as Lawson’s assistant. Of their closely related work 
at this time Palache w’rites : ^ 

^‘We were both interested in the glaucophane schists which 
were well developed in Marin County and one of Ransome’s 
earliest papers (1894) was a fine one on the contact metamorphic 
origin of the schist on Angel Island, disproving the older idea 
that they were of regional metamorphic origin. We collected 
together on many trips and among the specimens we brought 
in on one occasion were crystals of a mineral neither of us 
were sufficiently good mineralogists to recognize as a new 
species. Two years later, and simultaneously, he in Berkeley 
and I in Munich, studied it, found it new and both picked for 
it the same name — lawsonite.’’ 

Ransome completed his work for his doctorate at Berkeley 
in 1896 and shortly thereafter went to Harvard University 
where for a year he served as assistant in mineralogy and 
petrography, working in close association with his friend and 
former classmate Palache, who writes^ as follows in regard 
to those days in Cambridge and Boston: 

“Ransome lived that winter, for reasons of economy, in a 
dreary brick cell on the fourth floor of the Museum where I 
had spent the previous winter. However he had the run of 
my more comfortable quarters in a nearby dormitory and we 
spent much time together there and at our meals at a club talile 
in the College Commons in Memorial Hall. We shared a ticket 
to the Boston Symphony concerts in Boston, using it alternately. 
And many evenings were spent in my room with a grouji of 
whom I remember chiefly Irving Babbit, Charles Cestre, Charles 
Bakewell, and Tom Jaggar. Daly was abroad that winter and 
there were no other young men on the Harvard geological 
staff. The three men first named all made names for tliem- 
sclves in philosophy or letters and our talks were largely of 
literary matters. Kipling was just becoming the style and I 
remember our enthusiastic enjoyment of some of hi.s poetry. 
Leslie and I went together to a few pleasant Cambridge homes 
and took many walks in the outlying New England country. 


^ Personal letter, January 31, 1941. 
® Personal letter. 
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He had never been in the east before and found it much to his 
liking. He haunted the Boston book shops and art galleries/* 

While still at Berkeley, Ransome had been appointed a field 
assistant with the United States Geological Survey and the 
next year, having passed the Civil Service examination, he was 
appointed assistant geologist and invited to devote his full time 
to Survey work and to take up his residence in Washington, 
D. C. Thus was begun his long and fruitful career with the 
United States Geological Survey which was to bring him world- 
wide recognition. 

His first Survey assignment took him back to his well-loved 
state of California and launched him at once, in collaboration 
with H. W. Turner, upon a study of the principal gold belt of 
California — the Mother Lode — one of the greatest gold pro- 
ducing regions of the world. The economic aspects of these 
studies culminated in 1900 with the publication of the Mother 
Lode Folio. 

Soon after assuming his duties in Washington, Ransome 
became acquainted with Miss Amy Cordova Rock, then a 
student of geology and assistant to J. S. Diller of the Geological 
Survey. Miss Rock was the daughter of Miles Rock, astron- 
omer and civil engineer. Their friendship and community of 
interests led to still closer bonds culminating in their marriage 
in 1900. A son and three daughters blessed this very happy 
union. 

From its auspicious beginning on the Mother Lode, Ran- 
somc’s field of activity shifted in succession to the San Juan 
region of southwestern Colorado, and in 1902 to Globe and 
Bisl)ee, Arizona. In 1904 he began, in collaboration with Wal- 
demar Lindgren, the study of the Cripple Creek District in 
Colorado which, because of the richness of the deposits, their 
unusual mode of occurrence, and the skill with which they were 
studied and described, has become one of the classics of Amer- 
ican economic geology. Ran some’s next important study, begun 
in 1905 and published in 1908, was of the geology of the great 
lead producing district of the western United States, the Coeur 
d’Alene in Idaho, a district also characterized by features of 
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unusual interest. There followed a succession of valuable re- 
ports on the Goldfield and \erington and Humboldt County 
ore deposits in Nevada (1909), on Breckenridge, Colorado 
(1911), and on Superior, Ray, Miami and Oatman, Arizona 
(1914-1923). 

In the preparation of the Breckenridge report the writer 
served as Ransomers assistant and had an opportunity to observe 
and profit by his methods of field work. His work went for- 
ward with an unspectacular smoothness and effectiveness as a 
result of steady eifort systematically applied. No time was 
wasted; maps and notes were meticulously kept up day by day. 
His assistants learned by the force of his example and no 
better schooling could have been had. 

Ransome began his work with the United States Geological 
Survey under the administrative supervision and inspiring guid- 
ance of that great pioneer in applied geology in America, Samuel 
F. Emmons. With the death of Emmons in 1911, Waldemar 
Lindgren became his chief and the relations between Ransome 
and Lindgren were characterized by mutual confidence and re- 
spect, With Lindgren's promotion to Chief Geologist in T912, 
Ransome succeeded him in charge of the metalliferous work 
and held that position until he left Washington in 1923. 

Ransome's great contribution to American geology lay in his 
exceptionally orderly and lucid descriptions of so many of the 
important mining camps of the United States. He seldom went 
beyond the clear implications of his facts into the realm of 
speculation. He laid, however, a large and secure foiuidalion 
of factual material absolutely essential for the development of 
any enduring concepts of the processes of ore formation. As 
Lindgren has said, ''he built in his own chosen field of science, 
solid structures not easily destroyed, which stand the test of 
time.'" He was a skilled rhetorician in his own writing and 
critical of poor writing on the part of his colleagues whose 
manuscripts passed across his desk for criticism. One of his 
marked characteristics as an administrator was the promptness 
with which he acted upon all manuscripts that came to him 
from members of his section. 

From time to time there came from Ransome's pen geologic 
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writings briefer than his regional monographs but of broader 
scope. Such an article was '‘The Present Standing of Applied 
Geology” which constituted the first article of Vol. I of “Eco- 
nomic Geology” and thus inaugurated a publication that has 
become the leading journal of applied geology in the world. 
A single sentence from this article may be quoted since it so 
well reveals Ransome’s breadth of view and his own capabili- 
ties. “The most successful economic geologist is likely to be 
he who retains his interest in the broad aspects of the science 
and who sees to it that his capacity for general field study does 
not rust for want of use.” Not only did Ransome contribute 
the first article to “Economic Geology,” but he was one of its 
founders and served as associate editor for thirty years. 

An article entitled “The directions of movement and the 
nomenclature of faults,” published in 1906, focussed attention 
on certain inconsistencies and ambiguities in the nomenclature 
of faults and resulted shortly thereafter in a searching restudy 
of fault nomenclature by a committee of the Geological Society 
of America of which Ransome was a member. Ransomers 
constant striving to improve the accuracy of his own geologic 
field work and that of his associates is attested in an article on 
“The plane-table in detailed geologic mapping,” published in 
1912, urging the advantages of this method at a time when it 
was not generally used by field geologists. 

In 1913 Ransome was one of seven well known American 
geologists to participate in the Silliman Memorial Lectures at 
Yale University and chose as his topic “The Tertiary Orogeny 
of the North American Cordillera and Its Problems.” This 
paper was a masterly summary of the major topographic and 
structural features of this great provence and was a companion 
to a paper by Lindgren delivered in the same series on “The 
Igneous Geology of the Sierras.” Probably Ransome's shortest 
significant puldication was a brief note in “Economic Geology” 
(1913, p. 721) in which he proposed the name protore “to 
designate the valueless material which generally underlies ores 
formed by sulphide enrichment and which itself would be con- 
verted into ore were the enrichment process continued to suffi- 
cient depth.” This useful term is now in common use. 
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In April 1914 the importance of Ransome’s contributions in 
the field of geolog\^ was formally recognized by his election to 
the National Academy of Sciences. He served the Academy 
and the National Research Council on several important com- 
mittees and was treasurer of these two bodies from 1919 to 
1924. In 1927 he served as President of the Society of Eco- 
nomic Geologists. 

, In 1922 the department of geology at the University of 
Arizona was being reorganized and Dr. Ransome was invited 
there as professor of economic geology. The long-standing ties 
with the Geological Survey in Washington were undoubtedly 
broken with deep regret and the beginning of a teaching career 
at the age of fifty-five required a considerable measure of cour- 
age. Arizona, however, was familiar ground to him and his 
four years at Tucson were notably successful among the ad- 
vanced students by whom his rich background of field experi- 
ence was especially appreciated. Of his years at Tucson his 
friend and colleague Dean G. M. Butler writes : ® 

**Dr. Ransome joined the faculty of the University of Ari- 
zona in the fall of 1922-23 as Professor of Economic Geology. 
Ransome’s engagement marked the beginning of the expansion 
and improvement of the department that resulted from the 
interest and support of President C. H. Marvin, now head of 
George Washington University, and D'r, Ransome was such an 
admirer of Dr. Marvin that, when a cabal of faculty meml)crs 
forced the latter to resign four years later, Dr. Ransome rcfUwScd 
to remain longer with the institution, and accepted a half-time 
position with California Institute of Technology, which he held 
until his death. 

*'WhiIe with the University of Arizona, graduate students of 
geology found his courses particularly inspiring and helpful, 
and he was appointed the first Dean of the Graduate College 
in the spring of 1925. The breadth of his interests was also 
recognized by the conferment upon him of the more general 
title of Professor of Geology. 

'Tartly because of their friendship for Dr. Ransome, Charles 
Schuchert and William Morris Davis were induced to join the 
geological faculty as lecturers, and there is no doubt but that 
Ransome should be credited with having done much to place 

• Personal letter, 1941. 
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geological instruction at Arizona upon a sound, productive 
basis/' 

The four years of teaching at Tucson served as a valuable 
preparation for the longer period of teaching at the California 
Institute of Technology. Some of the difficulties that confront 
the teacher of economic geology are interestingly discussed by 
Ransome in an editorial ‘‘On Teaching Economic Geology" 
published in 1926, but that he thought his educational problems 
through on a high plane is clearly shown by the following words 
in this editorial : 

“Whatever may be the purpose of a vocational or technical 
school, the function of a university is clearly something higher 
and broader than merely training men to operate a transit, make 
assays, construct bridges, or grow oranges. The university ideal 
should be to develop young men and women intellectually, 
morally, and physically so that they not only know how to use 
their minds, in Huxley's phrase ‘as cold logical engines,’ but 
have the moral and physical strength to apply that knowledge 
wisely to the affairs of life. The educated man is he who 
through knowledge of the operations of nature and with a sym- 
pathetic understanding of the thoughts, words, and deeds of 
past generations of his fellows, as expressed in history, litera- 
ture, and art, is able to think straight, to choose in life the things 
that are really worth while and to find his enjoyment in those 
pleasures that are noble and lasting — ^that leave some permanent 
good behind them, rather than in those that are merely trivial 
and evanescent. This power of wise choice, based on sound 
thinking, is probably the most valuable result to be gained from 
university study and contacts." 

Soon after Ransome's removal to California in 1927 to be- 
come professor of economic geology at the California Institute 
of Technology the country was shocked by the disastrous fail- 
ure of the St. Francis dam with its attendant loss of life. Its 
pur])ose was to store surplus water delivered from the Los 
Angeles aqueduct. No geological examination had been made 
of the dam site before construction began and Dr. Ransome 
was greatly interested in the geologic factors involved in its 
failure. His illuminating report published in 1928 constituted 
his first contribution in a field of engineering geology, to which 
he later devoted much attention, serving from 1928 to the time 
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of his death as consulting geologist to the United States Recla- 
mation Service and to the Metropolitan Water District of south- 
ern California. 

While Ransome’s resignation from the United States Geo- 
logical Survey naturally brought to an end his opportunities for 
comprehensive studies of the geology of individual mining dis- 
tricts, papers relating to engineering geology — ^to which he was 
devoting part of his time — continued to flow from his pen, as 
well as several papers dealing with broader aspects of economic 
geology, such as his ‘‘Historical Review of Geology as Related 
to Western Mining” which forms the opening chapter of the vol- 
ume “Ore Deposits of the Western States” (Lindgren Volume). 
One of his last publications was a review of the fourth edition 
of Lindgren’s “Mineral Deposits.” While characteristically out- 
spoken in his criticism of some features of this monumental 
work of one of his closest friends, his final statement is sig- 
nificant: ^‘In the reviewer’s opinion, it is outstandingly the best 
textbook on ore deposits in English and the most satisfactory 
one-volume text in any language.” 

It was characteristic of his abundant energy that he found 
relaxation not in idleness but in a different kind of work. He 
developed great skill in working with his hands and during the 
last years of his residence in Washington built in his home 
workshop a handsome and sturdy motor launch in which he 
spent many happy week ends on the Potomac with his family 
and his friends. 

Ransome’s personal qualities can hardly be better exprevsse<l 
than in Lindgren’s words : 

“Physically, he was tall, well-built, and muscular, giving an 
impression of great reserve force. His manner of speaking 
was slow and deliberate. He had an exceptionally well-balanced, 
sane mind, not easily ruffled or disturbed. Although he was a 
good conversationalist and an interesting talker on professional 
subjects, it was not easy to get intimately acquainted with him, 
to reach below his armor of reserve. But those who did get 
to know him well were amazed at his interevSt in, and knowledge 
of, music, poetry, and the arts. His mind and his abilities 
were so balanced that he would have made a success of almost 
anything that he undertook.” 
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His death at Pasadena, California, on October 6 th, 1935? 
the age of 67 followed an illness which he realized for some 
time was hopeless, but he prepared for the final summons with 
his characteristic calm fortitude. For those who were fortunate 
enough to know him well his career constitutes an example of 
an unusually rich, purposeful and useful life lived calmly, 
happily and wisely. 
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KEY TO ABBREVIATIONS 

Amer. Geol. == American Geologist. 

Amer. Inst. Min. Eng, Trans. = American Institute of Mining Engineers, 
Transactions, 

Amer. Inst Min. Metal. Eng. = American Institute of Mining and Metal- 
lurgical Engineers. 

Amer. Journ. Sci. = American Journal of Science. 

Amer. Min. Congr. 23rd Ann. Conv., Rept. Proc. = American Mining 
Congress, 23rd ^Annual Convention, Report of Proceedings. 

Amer. Soc. Civ. Eng., Trans. = American Society of Civil Engineers, 
Transactions. 

Can. Min. Inst. Jour. = Canadian Mining Institute, Journal. 

Econ. Geol. = Economic Geology. 

Eng. Min. Journ. = Engineering and Mining Journal. 

Geol. Soc Amer. Bull. = Geological Society of America, Bulletin. 

Geol. Soc. Amer. Proc. = Geological Society of America, Proceedings. 

Min. Mag. = Mining Magazine. 

Min. Sci. Press = Mining and Scientific Press. 

Nat. Geogr. Mag. = National Geographic Magazine. 

Pan- Amer. Geol. = Pan-American Geologist. 

Smithsonian Ann. Rept. = Smithsonian Institution, Annual Report. 

Univ. Calif. Pub., Bull. Dept. Geol. = University of California Publica- 
tions, Bulletin, Department of Geology. 

U. S. Geol. Surv. Ann. Rept. = United States Geological Survey, Annual 
Report. 

U, S. Geol. Surv, Bull. = United States Geological Survey, Bulletin. 

U. S. Geol. Surv. Prof. Pa. = United States Geological Survey, Pro- 
fessional Paper. 

Wash, Acad, Sci. Journ. = Washington Academy of Sciences, Journal. 
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BY R. B. LINDSAY 


I. Biographical Sketch ^ 

When the history of the progress of physics in the United 
States during the late nineteenth and early twentieth centuries 
is written the name of Carl Barus will of necessity occupy an 
important place. When he began his scientific career with the 
United States Geological Survey in 1880, American physicists 
and physical laboratories were relatively few in number; when 
he ended his professional career as Hazard Professor of Physics 
in Brown University in 1926, the United States had achieved 
an eminent position in this field of human activity. In this 
development, Barus’ own contributions were not inconsiderable. 

Carl Barus came of German stock. His father, Carl Barus, 
Sr., settled in this country in 1849 found work in Cin- 
cinnati, Ohio, as a musician, though he had been trained pri- 
marily as an engineer. His mother, Sophia Mollmann by 
birth, was the daughter of a German clergyman who came to 
the United States in 1835. Carl Barus, their first child, was 
born on February 19, 1856 in Cincinnati where he spent the 
first eighteen years of his life, culminating with his graduation 
from the Woodward High School there in 1874. 

If we may judge from Barus’ unpublished autobiographical 
memoir ^ his boyhood was a normal, healthy one in a cultured 
but not wealthy family where hard work was the expected thing 
and luxury was unknown. There are the usual stories of the 
pranks of the neighborhood boys, but it does not appear that 

^ This memoir is divided into three parts : (i) a biographical sketch, (2) 
a review of Barus’ scientific research, and (3) a bibliography of Barus’ 
scientific publications which, so far as is known, is complete. 

®This is the chief source of information about the personal details of 
Barus’ life. It is an engagingly written account which makes much easier 
the task of even a biographer who knew him intimately. The present 
writer has been able to supplement this material by the recollection of 
numerous conversations and other associations with Professor Barus dur- 
ing the period from 1918-1935. The writer also wishes to acknowledge 
his indebtedness for interesting suggestions by Prof. W. G. Cady of 
Wesleyan University and Prof. Ernest Merritt of Cornell University. 
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the future physicist was uncommonly mischievous. On the 
contrary he evidently developed early the habit of systematic 
application which was such a conspicuous feature of his later 
scientific career. He speaks, for example, of ten years of 
faithful service as organ pumper in the churches at which 
his father acted as musical director. Even before his high 
school years, Barus showed more than a passing interest in 
scientific experiments, particularly in chemistry. He also took 
advantage of the opportunity presented by a boyhood acquaint- 
ance to learn the use of the lathe and other machine tools 
and was soon deep in the mystery of tempering steel. It is 
clear that he combined natural curiosity with considerable initia- 
tive and was not at all backward in letting people know of his 
existence. In school he was a conscientious student and got 
few thrashings — ^the standard method of imparting education 
in the sixties as well as later. He admits reading Shakespeare, 
Milton, Byron, Schiller and part of Goethe before the age of 
fifteen. Small wonder he developed a literary style unusual 
for a scientist! His musical education also naturally began' at 
an early age and though he had the normal boy's detestation 
of piano practice he kept at the thing intensively enough to 
become ultimately an accomplished musician. 

Barus had an astonishingly good memory and in 1923 wrote 
a long letter to the Founder's Day Committee of the Wood- 
ward High School in Cincinnati giving a wealth of detail about 
his experiences at the school some fifty years earlier. Here 
he was a classmate of the late ex-President and Chief Justice 
William Howard Taft. The standards of instruction at Wood- 
ward were exceptionally high and Barus rose nobly to the occa- 
sion, graduating in 1874 with the silver medal for outstanding 
work in mathematics. It seems probable, however, that he 
learned as much out of school as in it, for he was forever 
dabbling with amateur chemistry, astronomy and botany, to 
say nothing of attempts at poetry, play writing and musical com- 
position. People had not heard of ‘‘thwarted" youth in his day. 

The normal expectation of a lad of Barus' financial status 
was that high school would complete his formal education and 
it was at first intended that he should get a job with a wholesale 
chemical house in Cincinnati. By a happy chance, however. 
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a former schoolmate returned from his freshman year at the 
Columbia School of iMines full of enthusiasm for the course 
of study there and the professional opportunities being opened 
up by the great mine booms then being exploited. The Barus 
family were much impressed and though their means were de- 
cidedly restricted, decided to strain a point and send their son 
to Columbia. Two able classmates went with him. 

Life in New York was largely a peregrination from boarding 
house to boarding house with the usual vicissitudes in those 
days of uncertain plumbing and sharp landladies. But there 
*is no question that on the whole Barus enjoyed his two years 
at the School of IMines. His interest in the purely engineering 
aspects of the course was by no means comparable with his 
growing enthusiasm for pure science and the physicist Profes- 
sor Ogden N. Rood was his favorite teacher. There was no 
undergraduate physical laboratory at that time and experiments 
had to be done at home with simple apparatus or followed 
from the demonstrations of the professor who maintained an 
instrument maker (William Grunow) in the attic above his 
lecture room — very dingy quarters according to Barus’ account. 
Here the young student was able to see fine physical equipment 
in the process of construction, for many well-known physicists 
came there to have apparatus made, among them Henry, Langley, 
Rowland and Michelson. Barus speaks very highly of the 
faculty of the School of Mines of that day, but it is clear that 
he was not cut out for an engineer. At the end of his second 
year the realization that his chief interest lay in pure physics 
prompted him to leave Columbia. 

In 1876 Johns Hopkins University was founded and the 
new physical laboratory was opened under the presiding genius 
of H. A. Rowland. This provided an attractive opportunity 
for an embryonic physicist and Barus was strongly tempted 
to take it. There still exists a letter in Rowland’s hand dated 
October 5, 1876, expressing his willingness to have the Columbia 
student work in his laboratory. Barus’ father, however, was 
more favorable to a European training if his son were really 
determined to become a physicist, and Professor Rood recom- 
mended enthusiastically Wurzburg and Professor Friedrich 
Kohlrausch, who had just then completed his well known treatise 
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on practical physics. So Barus took up residence in the old 
Bavarian university town and remained there for the next four 
years, taking his doctor’s degree summa cum laude in 1879. 
He entered with zest into both the social and intellectual life 
of Wurzburg, perhaps at first over-emphasizing the former, 
at any rate by his own confession. He became a member of 
the Arminia fraternity and engaged in its activities with the 
same thoroughness he showed in everything else he undertook. 
Duelling took much of his time and left a permament mark 
on his cheek. In fact one gathers that during his first year 
of residence the fraternity saw more of him than the physics, 
lecture room. Finally the money began to run low and con- 
science to prick; intellectual zeal returned with a rush after 
the proposal by Kohlrauscli of a doctoral research on the rela- 
tion of magnetization to the hardness of steel. This was modi- 
fied by Barus to a study of the thermoelectric properties and 
electrical conductivity in their relation to hardness. His thesis 
was published in the Annalen der Physik in 1879, having been 
reported to the physical-medical society in Wurzburg in January 
of that year. The physical laboratory facilities at Wurzburg 
during most of Barus’ stay were rather crude and uncomfortable. 
Apparatus building for graduate students was largely a matter 
of cobbling together equipment out of wood, cork, glass, rubber 
and wax with metal foil, wire and solder. Nevertheless the 
apparatus served its purpose. Each generation will not cease 
to wonder at the remarkable results achieved by the meager 
tools of the previous one. During Barus’ residence the Bavarian 
government built for Kohlrausch a new physical laboratory and 
Barus helped in the process of moving and settling. At Kohl- 
rausch’s invitation he decided to stay for a time after receiving 
his degree and act as assistant in the new laboratory. Here 
he continued his research work on steel with the collaboration 
of a Czecho-Slovakian colleague, Vincent Strouhal. The pair 
gathered material for a number of papers which appeared in 
the Annalen der Physik from 1880-1883. By 1880, Barus’ 
father was anxious to have him return to America and a good 
opportunity developed with the possibility of a position under 
Clarence King, the director of the United States Geological 
Survey, who was looking for a man in geophysics. So the 

174 



CARL BARUS LINDSAY 


young Ph.D. from Wurzburg returned to begin a professional 
career in this country. 

After a short stay with his family in Cincinnati he received 
his appointment as physicist in the Geological Survey and was 
ordered to Nevada to make electrical measurements on ore bodies 
as a member of the staff of Dr. G. F. Becker, the geologist. 
Here he spent the better part of a year in a rather adventurous 
existence delving into gold and silver mines and more or less 
roughing it in the wilds of a section made famous about that 
same time by Mark Twain. Barus worked both in the famous 
Comstock lode in Virginia City and at Ruby Hill near Eureka. 
As an interesting commentary on the serious conscientiousness 
with which the young physicist took his work it may be noted 
that after he had returned to Cincinnati to work out his report, 
he was assailed with doubts whether certain experimental al- 
lowances had been properly made. So seriously did he feel 
this that he went back to Nevada to check this single point. 
It turned out that the return trip was unnecessary. Nevertheless 
the incident stamped Barus as a serious and cautious scientist 
and augured well for the future. 

The next phase in Barus’ connection with the Geological Sur- 
vey came with the establishment of a rather elaborate geo- 
physical laboratory, first (and for a short time only, i.e., Decem- 
ber 1 88 1 -November 1882) in the American Museum of Natural 
History in New York and later in a private dwelling house in 
New Haven. In this work it was planned that he would be 
assisted by his former colleague at Wurzburg, Dr. Strouhal, 
and the latter did actually help considerably in purchasing in 
Europe the much needed apparatus which it was practically 
impossible to procure in America at that time. However, an 
olfer of the professorship of physics at the Czech University 
of Prague overturned Strouhal’s plans to join Barus and the 
latter had to look elsewhere. He finally found an able collabora- 
tor in another American, William Hallock, who had also just 
then taken his degree with Kohlrausch. He was a Columbia 
man and remained with the Survey until 1891, ultimately 
becoming professor o^ physics and head of the department at 
Columbia. The two young physicists set up what must have 
been a well-appointed laboratory for those days at 310 Dixwell 
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Avenue in New Haven. The location was apparently chosen 
with a view to the possibility of collaboration with the Yale 
faculty, and Barus and his colleague received a very kind recep- 
tion from the Yale scientists. They embarked on an elaborate 
geophysical program which first involved a thorough calibration 
of the platinum thermocouples which were to be used for high 
temperature measurements. However, it appears that little 
of a definite nature was accomplished. The lure of social 
activity was still too strong for such youngsters to resist and 
the Yale acquaintances were probably too kind. Then, too, 
Clarence King, on whose initiative the whole research project 
had been undertaken, had been absent from the country for 
a considerable time and was no longer director of the Survey. 
The new director, Major J. W. Powell, did not take kindly 
to the New Haven laboratory and ordered it dismantled in 
1884 and the removal of the apparatus to Washington, D. C., 
where new quarters were provided in the National Museum. 

Barus remained in Washington for the next ten years. His 
work for the Geological Survey continued until 1892 and was 
a period of intense scientific activity. His colleague Hallock 
left him and he worked alone on a great variety of fundamental 
researches in geophysics, including a thorough study of the 
viscosity of steel in various stages of hardness, and a continua- 
tion of the high temperature thermometry begun in New Haven. 
Such preliminary experiments were necessary before proceeding 
to the main geophysical research, which began to l:)e tackled 
about 1888 and included a determination of the volume expan- 
sion of rock in the transition from the solid to the liquid state 
as well as the change in the specific heat during the transition. 
The behavior of bodies under very high pressure was also 
studied. The importance of this work will be noticed further 
on in the review of Barus’ scientific achievements. Suffice it 
to say that the basis of his scientific reputation was laid in 
this work with the Survey. It led to his election to the National 
Academy of Sciences in 1892. It also undoubtedly played an 
important part in establishing the method of his research : for 
the rest of his life his most significant work was done without 
collaborators. It had both the advantage of encouraging inde- 
pendence and the disadvantage (which indeed showed itself 
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later; of encouraging queerness in notation and making his 
papers rather difficult to read. It was in Washington also 
that Barus began his married life. He was married on January 
20, 1887, to Annie Gertrude Howes, a graduate of \^assar 
College in the class of 1874. Two children were born of this 
marriage, Maxwell Barus and Deborah Barus, of New York 
and Boston respectively. Mrs. Barus. who later become an 
active and nationally recognized worker in sociological and edu- 
cational fields, died in 1928. 

Though government scientific salaries were low, Barus en- 
joyed his work thoroughly. He was an independent worker, 
content to let the results of his labors speak for themselves 
without the trumpet blowing of extra-laboratory activities. In 
this he was probably unwise, since in his sincere confidence in 
Major Powell he made no> attempt to build favor for himself 
outside of the Survey. Moreover there was no civil service 
protection then. Hence when Powell lost his grip with Con- 
gress, several of his staff were unceremoniously dismissed, 
among them Barus. This was in 1892 and marked the end 
of his association with the U. S. Geological Survey. To make 
the shock greater and the gloom more dismal the geophysical 
equipment which had been laboriously constructed over a period 
of nearly a dozen years was constitutionally classified as “old 
junk” and was carted off to the Department of the Interior 
to be disposed of as such. The only silver lining in the cloud 
was provided by the apparatus originally lent to Barus by Clar- 
ence King. This alone remained after the house-cleaning. 
Curiously enough it stayed with Barus to the end of his life 
and some of it still remains in the Physical Laboratory at 
Brown University. 

As a physicist with a laboratory and some scientific equip- 
ment but minus a job, Barus felt himself doomed to cut a 
sorry figure. If he had known of the ups and downs which 
the next three years were to hold in store for him, he would 
have felt even worse. At the moment, however, a saviour 
appeared in the shape of Professor Mark W. Harrington, who 
had just been called from Michigan to head the remodeled 
U. S. Weather Bureau, recently transferred to the Department 
of the Interior. Harrington decided to put a little physics 
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into the Bureau and organized a sub-department of meteoro- 
logical research in which Barus was made Professor of Meteor- 
ology in September, 1892. Showing considerable versatility 
he threw himself into the new field with great vigor and soon 
had a program underway to look into the condensation of 
atmospheric moisture. However, even here trouble arose over 
the “anomaly” of a research under the auspices of the Weather 
Bureau being carried on in the National Museum ! So Barus 
had to find new quarters. It was Alexander Graham Bell who 
came to the rescue in the spring of 1893 with the offer to rent 
a house in Georgetown for the project until the Bureau could 
take care of it. However, Barus’ peace of mind was short- 
lived, for the incoming Cleveland administration made short 
work of his new post and in the summer of 1893 he was again 
without a job, tliough he still had a laboratory. 

Barus had previously attracted the favorable attention of 
S. P- Langley, the Secretary of the Smithsonian Institution, 
and in August, 1893, accepted the latter’s offer to become sci- 
entific consultant at the Institution. The salary was small com- 
pared with his previous stipends, but it was better than nothing 
and kept him in the field of physics. Two projects were to 
be worked on ; first, the connection between radiation and tem- 
perature ( the field in which Langley made probably his greatest 
contribution) and second, aei'odynamical researches. Barus 
was not too enthusiastic over the latter, but it appears that of 
the two he had to spend more time and energy on this than 
on the former. Langley was an indefatigable experimenter and 
in those days experiments with airplanes were very disap])oint- 
ing. When the history of aeronautics is written, the hours 
Barus spent trying to make Langley’s models fly certainly ought 
to receive attention. In his memoirs he states frankly tliat 
he did not enjoy the work. Finally eaidy in 1895 he gave it 
up entirely. His stay at the Smithsonian had not been a total 
loss, however, for there he had a chance to meet many celebrated 
visiting physicists and to conduct some of the multifarious sci- 
entific correspondence inevitably associated with such an insti- 
tution. 

Life must have looked rather blue for a time. Here was a 
mature physicist in his late thirties, already recognized by the 
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American Academy and the Xational Academy and with many 
colleagues fully acquainted with the value of his work, but 
without a job ! For a few months Barus set up as a consulting 
physicist and actually patented some devices which, however, 
developed into nothing. A few nibbles had come from some 
educational institutions but they like the inventions came to 
naught. Finally in March of 1895 a letter came from his old 
teacher Professor Rood of Columbia, stating that Rood’s 
brother-in-law. Professor Eli Whitne}' Blake, was about to retire 
from the Hazard Professorship of Physics at Brown University 
and conveying the suggestion that Barus should become a candi- 
date for the vacant position. Rood took upon himself the 
position of ‘‘campaign manager” and proved eminently suc- 
cessful in this capacity, for Barus ultimately received the ap- 
pointment in May, 1895, after many weeks of letter writing, 
interviewing, etc. There were probably some who felt con- 
siderable doubt about entrusting the position to a man who had 
had no teaching experience whatever, even though his profes- 
sional attainments were vouched for by half a dozen of the 
most famous physicists in the country. 

The opportunity at Brown must have seemed like a haven 
of refuge to the much buffeted physicist. But Barus by no 
means rested on his oars. He entered into the business of 
learning how to teach with the same thoroughness and enthu- 
siasm he had shown in his scientific research. Evidently he 
wrote to his predecessor Blake for advice in connection with 
the general elementary course, for a letter still exists from 
Blake to Barus cautioning him not to expect too much of his 
sophomores. His over-optimism about the amount of physics 
which can be stuffed into college undergraduates was soon tem- 
pered by experience. His lectures could not have been unpopular 
for the enrollment in elementary physics increased steadily dur- 
ing the first years of his stay. Much time went into the devising 
of effective lecture demonstrations and many such pieces with 
elaborate charts, etc,, are still extant to testify to Barus’ thought- 
ful attention to pedagogical matters. Disillusionment came, as 
it undoubtedly does to all who teach. In Barus’ case it came 
on an occasion when he announced to his class that due to the 
necessity of attending a scientific meeting he would be forced 
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to absent himself from the next class meeting. He expressed 
regret, but the class responded with applause ! Most of us 
sooner or later learn not to take ourselves too seriously in 
the business of teaching. 

The rest of Barus’ active career was spent at Brown Uni- 
\ersity, where he held the Hazard Professorship until his re- 
tirement at the age of 70 in 1926. In 1903 was deemed 
desirable to put graduate instruction on a somewhat more sys- 
tematic basis and a graduate department was established with 
Barus as Dean. He served in this capacity also until his retire- 
ment and witnessed great growth in graduate study. In 1926 
the ‘‘department” had grown large enough to be made into 
a separate school of the University — a tribute to the efforts 
Barus had made toward its evolution. His annual reports as 
Dean were a definite contribution to post graduate higher edu- 
cation in America, for he had the uncanny power to separate 
the essential from the unessential. 

As a classroom teacher Barus followed the European lecture 
system with perhaps a somewhat more careful regard for the 
time schedule. Promptly at the last stroke of the college bell 
he would stride into the classroom and with no preliminaries 
launch directly into his discourse. No questions were tolerated 
during the lecture — students might beard the professor in his 
den afterwards if they chose (or dared). The lectures were 
clear and in the elementary course, at any rate, rather lavishly 
illustrated with demonstrations, simple in construction but 
having the merit of usually working. Occasionally a flash 
of humor would emerge, but this was rare and for that reason 
all the more keenly appreciated. The pace set, particularly 
in the intermediate and advanced courses, was rathe.r severe 
and demanded close attention on the part of the auditor. Some 
students found it simpler to use the lectures as suggestions 
for what should be studied outside class and not as a systematic 
course in themselves. This occasionally led to embarrassment 
when the week’s notebook, handed in for inspection, did not 
seem to have much connection with the week’s lectures. One 
comment in a case of this sort is worth recording. Barus 
wrote at the end of a, screed more than usually irrelevant to 
what he had been trying to talk about: “I set a given week’s 
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work and you hand me in return a tragedy of Euripides/’ 
The notes were always corrected but not always severely 
enough. A representative of a w'elhknown scientific instrument 
compan}' has told the writer that he remembers climbing out 
of the lecture room window while Barus was scribbling on the 
blackboard (after attendance had been taken, of course). Such 
stories could be duplicated at any number of college campuses 
during the first decade of this century. Ph3"sics lecture rooms 
today are not so eas^^ to leave surreptitiously ! 

There seems little doubt that Barus’ real heart was in his 
research, which he kept at almost continually winter and summer 
until his retirement. When Commencement came and the col- 
lege community largely dissolved until fall, Barus shipped his 
family off to the seashore but went on working in his base- 
ment laboratory. He was a prolific writer on scientific subjects 
and believed in describing the results of experiments with 
considerable detail and in frequent reports, as a glance at the 
appended bibliography amply indicates. During his tenure at 
Brown alone he found time to bring out some 300 publications, 
a record of productivity scarcely equalled in American physics. 
He worked almost entirely alone and made nearly all his own 
apparatus, on which the financial expenditure was usually rather 
meager. Very rarely has so much been accomplished with so 
little. Although an assessment of Barus’ scientific contributions 
will be found in the second part of this memoir, something should 
be said here about the style of his writing. For a scientist 
he possessed an unusual grasp of language and evidently keenly 
enjoyed putting words on paper. He had a very witty way 
of bringing out essential points which makes his book reviews 
and general articles on the progress of physics a pleasure to 
read even today when the physical ideas in them have often 
long since passed into the realm of the historic. His address 
at the International Congress in St. Louis in 1904, for example, 
was a masterly summary of the whole evolution of physics 
during the iQth century and still repays study both for content 
and style. That his powers of graphic delineation did not 
wane with age is evident from' his Honor’s Day address at 
Brown in 1926 on *‘Three Phenomenal Ages of Cultural Ad- 
vance.” Those who corresponded with Barus will recall what a 

181 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — VOL. XXII 


delightful letter writer he was and how he could invest even 
the simplest topics with a whimsical significance. 

For the first fifteen years of his connection with Brown, 
Barus occupied a very prominent place in the activities of 
American physicists and the list of his dignities and high offices 
is impressive. In 1897 he was a Vice-President of the American 
Association for the Advancement of Science and Chairman of 
the Section on Physics at the Detroit meeting of that year. 
His address on this occasion concerned long range variables 
in temperature and pressure measurement. In 1898 he visited 
England as guest of Cambridge University on the occasion of 
the Stokes Jubilee and was made an honorary member of the 
Royal Institution of Great Britain. He took this occasion to 
travel extensively in France and Germany, renewing old friend- 
ships and making new ones. In 1899 Barus was a member of 
a committee which founded the xA^merican Physical Society, in 
whose fortunes he took for many years an active part. He was 
the fourth president of the society, holding that office in 1905- 
1906. He comments that his presidential address in New York 
on December 30, 1905, describing his work on condensation 
nuclei, was twice as long as it should have been. On reading 
it one can only marvel at the patience and capacity of the 
physicists of that day. Barus served as a member of the 
council of the Physical Society until his death. Naturally in 
his later years he was forced to give up active participation 
in the affairs of the society. 

In 1900 the American Academy of Arts and Sciences awarded 
Barus its Rumford Medal for his researches in heat. In the 
same year he contributed a paper on high temperature measure- 
ment to the International Congress of Physics in Paris. In 
1902 he was invited by President Gilman of Johns Hopkins to 
join the advisory council of the Carnegie Institution of Washing- 
ton, in which he served with Woodward and MicheLson as the 
committee for physics. The plan for the administration of the 
funds of the Institution which Barus drew up and the committee 
recommended was not finally adopted. Nevertheless he himself 
did some of his research under Carnegie grants and many of 
his later research reports appeared as Carnegie publications. 

In 1903 came election to the American Philosophical Society 
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and his appointment as Dean of the Graduate Department at 
Brown University. The next year saw the International Con- 
gress of Arts and Sciences in St. Louis and Barus gave the 
principal address for physics, taking as his subject the progress 
of the science during the nineteenth century. 

For many years Barus was an active member of the National 
Academy of Sciences and attended meetings faithfully. When 
the National Bureau of Standards was founded he worked 
hard to get the Academy to endorse the project. Later, when 
the Proceedings of the Academy was established as a journal, 
Barus became a frequent contributor. In 1900 the Academy 
met at Brown and Barus received the congratulations of his 
fellow members for the thoroughness with which the arrange- 
ments had been carried through. 

Barus received two honorary degrees, an LL.D. from Brown 
in 1907 and a similar degree from Clark in 1909. In 1911 he 
traveled in Europe and attended the Portsmouth meeting of 
the British Association for the Advancement of Science. 

During the first World War the National Research Council 
was formed by Hale and Millikan, and Barus was a member. 
He gave a good deal of time to certain instrument problems 
though it is clear that he was not enthusiastic over the par- 
ticular work within the scope of his resources, and glad when 
the end of the war enabled him to drop it. The war years 
were not happy ones for a pure scientist and Barus labored 
under the extra handicap of carrying a German name. 

After the war Barus’ courses suffered a considerable slump in 
attendance and he finally gave up elementary teaching shortly 
after reaching 60. Though he emphasizes in his memoirs his love 
of teaching, it is clear that by 1918 the spontaneity had departed 
and his elementary instruction had grown mechanical and un- 
inspiring. He began to confine himself to his Deanship, his 
research (which continued unabated) and his advanced courses, 
the most successful of which was that in vector analysis which 
actually amounted to an introduction to theoretical physics. 
As a matter of fact he continued to teach this course with unfail- 
ing zest after he became professor emeritus and indeed up to the 
very year of his death. 

After 1920 traveling became a hardship and Barus rarely 
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if ever attended scientific meetings. He tended more and more 
to withdraw into himself and those who wished to see him 
had to visit him in his laboratory. At the same time he with- 
drew also from active participation in the affairs of his own 
department, leaving the details to his colleague and successor. 
Professor A. deF. Palmer. During most of his tenure the 
department consisted of the two professors and it does not 
appear that Barns made any serious attempt to increase it ; if 
he did he was singularly unsuccessful. This is rather curious 
since during this whole period, physics departments in other 
institutions headed by men of his caliber made great strides. 
Possibly this is another indication that Barus’ real zest was for 
his own research, also emphasized by the fact that he directed 
almost no students for the doctorate. Administrative procedure 
as such was distasteful to him, though he performed faithfully, 
systematically and efficiently that which he was called upon to do. 

In 1926 Barus attained the compulsory retiring age of 70 
and became professor emeritus. The Corporation of Brown 
University extended to him the privilege of laboratory space 
and for a time he continued to carry on his investigations. But 
the effort was rather taxing and the old fire was burning low. 
He still came to the laboratory every day, read widely to keep 
himself informed on the progress of physics, and enjoyed 
thoroughly his lectures in vector analysis. As the slackening 
of research provided more time he mellowed considerably in 
his attitude toward casual visitors and would talk by the hour 
with visiting colleagues about his reminiscences, which were 
a delight to listen to. When he was in the mood he was a 
brilliant conversationalist. His interests in the world about 
him continued to be wide and deep to the very end of his life. 
At the age of 60 he had taken up the study of Greek and 
Italian and maintained a zeal for literature until his death. His 
skill in music has already been referred to. Besides playing 
the piano very well he also mastered in adult life the violin, 
flute, clarinet, oboe, cornet, trumpet and trombone. Moreover 
the number of his musical compositions reached 40. Many 
of his former students well remember how he used to write 
music while proctoring elementary tests. It will never be quite 
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clear just what the nature of the artistic inspiration was on 
such occasions! 

In personal appearance, Carl Barus was tall with a sparely 
knit frame. In later life he walked with a slight stoop but had 
a good stride. As he walked across the campus with the cane 
he invariably used he was a dignified figure that even an under- 
graduate would stop twice to look at. Though not particularly 
athletic he enjoyed swimming, boating and bicycling. In fact 
swimming formed his chief recreation in the summers he 
spent on Cape Cod during the last seven or eight 3'ears of his 
life. Barus used to remark that smoking was his only vice. 
He pursued it methodically. One rarely visited him in his 
laboratory without finding him pipe in mouth. To avoid the 
nuisance of matches, a small gas flame burned continually 
within easy reach. The empty tobacco cans formed useful con- 
tainers for small physical apparatus, and the usual thoroughness 
was also displayed in the carefully kept accounts of the weekly 
consumption, which were found among his papers after his 
death. 

Though Barus suffered considerably from insomnia in later 
life, possibly connected with his tremendous mental energy, he 
was rarely ill in the usual sense of the word and maintained a 
reasonably good state of health until the summer of 1935 when 
he had to undergo a serious operation. Progress was very slow 
and he had just begun to show signs of definite recovery at his 
home in Providence when death came suddenly with a cerebral 
hemorrhage on September 20, 1935. With him there passed 
away one of the ablest men ever to occupy a chair in Brown 
University and one of America's distinguished scientists, 

II. Scientific Research (187^-1^2^) 

A complete assessment of Barus' contributions to physics is 
beyond the scope of the present memoir but it seems desirable 
to provide a brief summary of his principal scientific achieve- 
ments. For convenience his research career may be divided 
into three main periods: (i) geophysical research during his 
service with the U. S. Geological Survey, probably his most sig- 
nificant work; (2) investigation of condensation and ionization 
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in the atmosphere begun with the U. S. \\ eather Bureau and 
continued during the early years at Brown University; (3) de- 
velopment and application of optical interferometry to a variety 
of problems in light, electricity, gravitation and acoustics, car- 
ried out during the latter part of his career at Brown. It will 
be impossible here to do justice to the great many side branches 
into which his insatiable curiosity led him from time to time. 

As has already been indicated Barus’ first geophysical work 
consisted of a study of the electrical activity of ore bodies in 
Ne\^da. So far as is known this represents the first physical 
research conducted by the Survey and is a tribute to the perspi- 
cacity of Clarence King in recognizing the importance of physical 
methods in geology. Barus set out to determine the possibility 
of locating the presence and approximate position of ore bodies 
by measurements of electrical potentials in the surface. On the 
whole the measurements were successful and represent a definite 
advance over other work of similar nature done earlier in the 
nineteenth century. The investigations were not pursued fur- 
ther, for Barus’ interests were always in fundamental things 
and not so much in applications. It is interesting to note, how- 
ever, that the problem and its mathematical ramifications have 
been taken up again seriously by geophysicists during the past 
decade- Even before leaving Nevada, Barus carried out in 
collaboration with G. F. Becker a series of observations on the 
kaolinization produced by the action of hot water on feldspar. 
In later years he returned to this problem in the consideration 
of the compressibility of hot water in glass vessels in which the 
solution of the glass in the water was a source of considerable 
difficulty, but nevertheless led to interesting results having a 
bearing on volcanic action. 

Clarence King was very much interested in dynamical geology 
and particularly in the age of the earth from the standpoint of 
the thermal conductivity of rock. With his usual thoroughness 
Barus mapped out an elaborate program for the study of the 
thermal behavior of rock material both in the liquid and solid 
states. He soon found it necessary, however, to precede this 
with an investigation of high temperature measurement. In 
1886 he completed the first rigorous comparison of platinum- 
iridium and other platinum alloy thermocouples with the air 
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thermometer over a range of some 1000 *^ 0 . This fully con- 
firmed the validity of thermoelectric pyrometry and established 
the method as one of the greatest utility in high temperature 
measurement. Here Barus definitely anticipated Le Chatelier, 
who usually receives the credit for thermoelectric calibration. 
Unfortunately the report of Barus’ work in Bulletin 54 of the 
Geological Survey, a book of 313 pages, did not see the light 
until 1889, by which time much of Le Chatelier’s work was well 
known. The latter part of the report is devoted to the descrip- 
tion of investigations of high temperature viscosity of gases and 
its possible use in precision p}nrometry. This was a bit of pioneer- 
ing work which was not followed up. 

An allied problem investigated at length at the same time was 
the viscosity of solids. This followed appropriately from Barus’ 
thesis investigation at Wurzburg on the properties of steel in 
their dependence on hardness. Various workers in different 
countries had studied the subject but there was considerable con- 
fusion due to divergence in notation. Barus’ investigation was 
an elaborate attempt to obtain precise results and to unify the 
field. He succeeded in showing the essential validity of Max- 
well’s theory of viscosity and in particular established the sig- 
nificant metallurgical result that the phenomena associated with 
temper in steel, considered as of the nature of a strain, follow at 
once from Maxwell’s theory. Barus was also led to attempt 
the distinction between the various states of matter on the basis 
of viscosity, which under fixed conditions of temperature, 
pressure and strain remains constant in time for fluids, but which 
for solids increases steadily under the application of constant 
stress. All this was pioneer research of the highest order and 
first importance in the field of metallurgy. Much of it was re- 
viewed later in his Clark University lectures in 1909 on the 
physical properties of the iron carbides. 

The effect of high pressures also came into the picture, and 
Barus busied himself much in the late eighties with devising 
means for the production and accurate measurement of such 
pressures, which he finally succeeded in carrying out up to 2000 
atmospheres. With this and his high temperature equipment 
he was able to embark on a long series of researches on the 
thermodynamics of liquids. This would undoubtedly have been 
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extended to more specific geological problems had not Barus 
tenure in the Survey been abruptly terminated in 1892. As it 
was, his achievements in geophysics attracted international at- 
tention, being favorably commented on by Lord Kelvin, among 
others. 

To the period of Barus’ association with the Survey belongs 
also some fundamental research on the nature of colloids. In a 
paper with E. A. Schneider “tJber die Natur der kolloidalen 
Losungen" (Zs. fur Physikalische Chemie,” 8, 278, 1891), he 
and his colleague definitely established that colloidal silver solu- 
tion consists of an aggregate of extremely small particles of ac- 
tual silver. This marked an important forward step in the study 
of colloids. 

Though Barus worked for the Weather Bureau for only one 
year the studies begun during this engagement initiated a pro- 
gram which, after an interruption of several years, formed his 
major scientific interest from 1900-1910. The problem was to 
study the condensation of water vapor in its dependence on the 
size of the nuclei precipitating it. In particular the plan involved 
gradually decreasing the size of the nuclei until they approached 
the diameter of the water molecule itself, i.e. condensation taking 
place in completely dust free air. Presumably Barus was the 
first person ever to try deliberately to condense water vapor on 
its own molecules. For this purpose he employed a carefully 
controlled steam jet and estimated the size of the water particles 
by means of the colors produced in the light scattered by the 
particles. He definitely understood that the cooling involved in 
the condensation is adiabatic, in its first stages at any rate, and 
he seems definitely to have anticipated the important work of 
C. T. R. Wilson in his famous paper of 1896. It is unfortunate 
that he had to break off his experiments so abruptly, as he clearly 
had his hands on one of the most important tools of twentieth 
century physics. When he returned to the subject around 1900 
the cream had been removed by the English investigators. The 
cloud chamber had already been invented by Wilson and was 
being increasingly used to study condensation as affected by 
various ionizing means. Nevertheless, Barus was still fasci- 
nated by the use of light scattering (coronas) in studying con- 
densation and detennined to follow up this field. For this 



CARL BARUS LIXDSAY 


purpose he found it advisable to use the fog chamber rather 
than the cloud chamber. This is a vessel about 50 centimeters 
long and 15 centimeters in diameter. It is connected through 
a short but wide pipe to a large tank, which in turn is pumped 
to a pressure about 30 centimeters below atmospheric pressure 
while the fog chamber itself is kept at atmospheric pressure 
by means of a large stopcock. On opening the stopcock sud- 
denly the result is adiabatic expansion of the air in the chamber. 
The fog produced is looked at against a bright source of light 
illuminating the chamber transversely and the “fog limit’’ is 
estimated from the first appearance of the diffraction rings. 
Moreover, the number of condensation nuclei formed or the 
extent of the nucleation can be estimated from the size of the 
rings. With apparatus of this type Barus investigated over a 
period of several years nucleation in the free atmosphere as 
a function of season and discovered some interesting periodic- 
ities. The effect of ionizing agents like X-rays and radio- 
active materials was also studied. The first stages of this 
research were reported at length in Barus’ presidential address 
to the American Physical Society at the end of 1905. This 
work was rather roughly handled in “Nature” by C. T. R. 
Wilson, who might be expected to display small sympathy for 
systematic research with an instrument like the fog chamber 
when he had developed in the cloud chamber one of so much 
greater precision. His criticisms of Barus’ results provoked a 
controversy which was probably taken a little too seriously by 
the American. In addition to the experimental uncertainties 
of the fog chamber, it is a fact that Barus paid rather too little 
attention to the role of ionization in nucleation. Along this 
route the great discoveries in atomic physics were being made. 
It is perhaps unfortunate that a physicist of Barus’ stature was 
unwilling to throw his research energy into the cooperative 
venture which culminated in the modern theory of the consti- 
tution of matter. It is clear, however, that already in the early 
years of the new century, Barus was satisfied to play a lone 
hand. This is reflected in the make-up of his papers. In 
contrast to earlier procedure he began to omit all but the most 
cursory reference to the work of other previous and contempo- 
rary researchers, and his chief publications began to assume 
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more and more the appearance of progress reports of his 
own experiments without adequate summaries of the essential 
results and their relation to those of other workers in the 
same or allied fields. They thus became increasingly difficult 
to read with discermnent, even though there might be no ques- 
tion about the manipulative and interpretative skill of the 
experimenter. The writer is willing to hazard the guess that 
very few have ever made a really careful study of Barus’ four 
memoirs on nucleation published under the auspices of the 
Carnegie Institution from 1906-1910. Certainly one finds very 
few references in present day literature to them, in marked 
contrast to his earlier research on high temperature and high 
pressure and their effects on the properties of matter. Yet 
a study made in the Brown Physical Laboratory in 1936 indicates 
that the fog chamber with certain simple improvements can 
be made to give reliable results. 

The year 1910 may for convenience be taken to mark the 
beginning of the third and last stage of Barus' scientific activ- 
ity. He then largely relinquished his work on condensation 
and embarked on a program of miscellaneous research suggested 
by the development of an ingenious displacement interferometer. 
In its early simple form this consisted of a plane transparent 
diffraction grating backed with a mirror. When light incident 
on and reflected from the front surface of the grating (after 
passing through the grating and being reflected by the mirror) 
is examined in a telescope, interference fringes are observed 
whose position is very sensitive with respect to any displacement 
of the mirror. Later the apparatus was modified in such a 
way that light from a single source reflected from two mirrors 
(more or less as in the conventional Michelson interferometer) 
is examined after passing through a plane transparent grating. 
A displacement of one of the mirrors produces a shift in the 
fringe system which can be used as a measure of the displace- 
ment. 

With this instrument in various stages of modification and 
improvement over a period of some fifteen years, Barus investi- 
gated an astonishingly large range of physical phenomena involv- 
ing very small linear or angular displacements. Thus, as if 
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he were unwilling entirely to tear himself away from his con- 
densation problem, he applied his interferometer to the meas- 
urement of the size of fog particles. Later he used the same 
instrument for the measurement of ordinary and extraordinary 
indices of refraction of doubly refracting cr3’'stals as well as 
magneto-striction elongations in iron. There followed in rapid 
succession (around 1914) the estimation of acoustic displace- 
ments of telephone diaphragms, the index of refraction of air 
at high temperatures, the accurate comparison of screws of 
any length, a precision quadrant electrometer, the measurement 
of changes of angular inclination of a pendulum as small as 
3x10"^ seconds of arc, etc. 

The interferometer was later applied by means of an open 
mercury manometer to precise pressure measurement, the pre- 
cision stated by Barus being of the order of a few hundred 
thousandths of a centimeter of mercury per fringe displace- 
ment. This at once suggested the exploration of acoustic radi- 
ation fields by means of a pin-hole probe connected to the 
interferometer pressure gauge. This is probably the most pre- 
cise non-electrical method of measuring acoustic pressure which 
has ever been devised. Unfortunately it was never followed 
up on a large scale by Barus and has been more or less neglected 
by others. Barus’ unwillingness to embark on pretentious 
projects involving large financial layout and the use of numerous 
assistants, also had much to do with the failure of his attempt 
to apply displacement interferometry to a re-determination of 
the Newtonian constant of gravitation. For a number of years 
around 1920 he experimented with this problem and undoubt- 
edly had in his hands an extremely precise method, but the 
disadvantages of his laboratory situation, with inevitable and 
largely uncontrollable temperature gradients, made his results 
illusory. 

It is perhaps worthy of note that the displacement inter- 
ferometer has more recently been made by C. E. Bennett ® into 
a high precision instrument for the measurement of the dis- 
persion of gases as a function of pressure. 

®C. E. Bennett, Phys. Rev. 37» 263, 1931; 45, 200, 1934; 58, 263, 1940. 
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It is difficult to avoid the feeling that practically all the 
scientific work of Barus during the last dozen years culminating 
in 1929 was of purely exploratory character, dictated by his 
own fancies and interests and with little effort toward the 
more precise development of his ideas. There can be no ques- 
tion that he profoundly enjoyed what he was doing and that 
it brought him more satisfaction than his teaching and admin- 
istrative work. But he had reached the stage where he was 
unwilling to go at things in a large way and seek financial 
support for elaborate equipment. His autobiography indicates 
a growing feeling through the twenties that he was out of touch 
wfith the main trends of contemporary physics and that his sci- 
entific career was about over. He must have realized with 
growing misgivings that few persons any longer read his papers 
with clear appreciation of what he was doing. It is futile to 
quarrel with individual idiosyncrasies but one may be pardoned 
for expressing the regret that during his long teaching career 
Barus made little or no effort to build up graduate study in 
physics » so that a succession of doctoral students could have 
profited by his ingenuity and been stimulated by his drive. This 
would have insured much greater attention to his later scientific 
research and would have put the research itself on a firmer basis 
with a more adequate exploitation of its features of ultimate 
value. Such regrets are, of course, vain in the face of the record. 
The holder of this record will go down in scientific history as a 
great American physicist. That, with his insatiable curiosity, 
unusual intuitive powers, extraordinary experimental skill, and 
incredible capacity for work, he should have become an even 
greater figure lies strictly outside the province of an admiring 
biographer to stress. 
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1885 

The electrical activity of ore bodies. Amer. Inst. Mining Eng., 13, 417-477. 
Thq electrical and magnetic properties of the iron carburets. (With V. 
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1-53. 
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pyrometric use of the principle of viscosity. Amer. Jour. Sci., 34, 
407-410. 

MaxwelFs theory of the viscosity of solids and certain features of its 
physical verification. Amer. Journ. Sci., 36, 178-208. 

Certain generic electrical relations of the alloys of platinum. Amer. 
Journ. Sci., 36, 427-442. 
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The energy potentialized in permanent changes of molecular configura- 
tion. Amer. Journ. Sci., 38, 193-198. 
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The viscosity of solids. U. S. Geol. Surv. Bull. 73, r-i39' 
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The change of heat conductivity in passing isothermally from solid to 
liquid. Amer. Journ. Sci, 44, 1-15. 

The fusion constants of igneous rocks, I. Phil. Mag., 34, 1-18. 
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1897 

The blackboard treatment of physical vectors. Science, 5, 171-175- 

Preliminary trial of an interferential induction balance. Amer. Journ. 
Sci., 3» 107-116. 
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Temporary set as associated with magnetostriction. Phys. Rev. 13, 283- 
306. 

Greenhill’s mathematical theory of the top. Science, 14, 973-975. 
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574-'573. 

Review of “Die Kathodenstrahlen,” G. C. Schmidt, second ed. (Vieweg, 
Braunschweig, 1907)- Journ. Phys. Qiem., ii, 575. 

Specification of diagrams in applied geometry. Science, 26, 149-151. 

On a method for the observation of coronas. Amer. Journ. Sci., 24, 
277-281. 

On successive cycles of coronas. Amer. Journ. Sci., 24, 309-312. 

The decay of ionized nuclei in the fog chamber. Amer. Journ. Sci., 24, 
419-425. 

The flying machine. Science, 26, 672-673. 

tl'ber die Vertheilung der Kondensationskerne in Staubfrei Luft, etc. 

Ann. d. Physik, 24, 225-242. 

Note on volcanic activity. Amer. Journ. Sci., 24, 484. 

Lodge’s ether and Huyghen’s gravity. Science, 26, 875, 

Condensation nuclei, from the evaporation of fog particles. Phys. Rev., 

25, 39I'398. 
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Pendulum coincidences determined by shadow reinforcement. Phys. Rev., 
26, 299-301. 

Axial colors of steam jet and coronas. Amer. Journ, Sci., 25, 224-226. 
The behavior of nuclei of pure water. Amer. Journ. Sci., 25, 409-412. 
Regions of maximum ionization due to radiation. Science, 28, 26-28. 
Standardization of the fog chamber by aid of Thomson’s electron. 
Amer. Journ. Sci., 26, 87-90. 

Thomson’s constant e found in terms of the decay constant of ions 
within the fog chamber. Amer. Journ. Sci., 26, 324-328. 
Condensation of vapor as induced by nuclei and ions, III. Carnegie Pub- 
lications, 96, i-v, 1-139. 

1909 

Coronas with mercury light. Amer. Journ. Sci., 27, 73-81. 

Absence of polarization in artificial fogs. Amer. Journ. Sci., 27, 402. 
Adjustment for plane grating similar to Rowland’s for concave grating. 

Amer. Phil. Soc., Proc., 48, 166-176. 

The electron method of standardizing tlie coronas of cloudy condensa- 
tion. Amer. Phil. Soc., Proc., 48, 177-188. 

Electronic measurement of voltaic potential. Amer. Phil. Soc., Proc., 

48, 189-193. 

Saecular softening of hard steel, Phys. Rev., 29, 516-524. 

Historical graphics. Science, 30, 372-373. 

1910 

Sur les phenomenes de condensation dus aux ions. Congres international 
de Radiologic et d’£:lectricite, Bruxelles, 1910. (Abstract) Le Radium, 
7, 240. 

Probability of an inherent relation of the electrical resistance and the 
hardness of steel. Phys. Rev., 30, 347-349. 

Condensation of vapor as induced by nuclei and ions, IV. Carnegie Pub- 
lications, 96, Pt. IT, i-vii, 1-84. 

Interference of refiected-diffracted and diffracted-reflected rays on a 
plane transparent grating and on an interferometer. (With Maxwell 
Barus.) Science, 31, 394-395- 

On the general use of the grating with the interferometer. Science, 

32, 92-93. 

Interference of the refiected-diffracted and the diffracted-reflected rays 
on a plane transparent grating. (With Maxwell Barus.) Phil, 
Mag., 20, 45-59. 

The use of the grating in interferometry. Amer. Journ. Sci., 30, 161-171. 
Variations graphically. Science, 31, 867-868. 

The grating interferometer. (With Maxwell Barus.) Phys. Rev., 31, 

591-598. 

Interferometry and a new interferometer. Eastern Association of Physics 
Teachers. Report of the Fifty-Sixth Meeting, Providence, 13-21. 
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The compression of solid colloids. In, “Gedenkboek aangeboden aan 
J. M. van Bemmelen,” 303-307. (De Boer.) 

1911 

Elliptic interference in connection with reflecting grating. Science, 33, 1 13. 

On an adjustment for plane grating similar to Rowland’s for concave 
gratings, etc. (With Maxwell Barus.) Amer. Journ. Sci , 31, 85-95. 

Interferometry with the aid of a grating. Phil. Mag., 21, 41 1-434. 

Der Gang der Luft durch erne Wasserwand. Ostwald’s Kolloidal Zeits., 
8, 286-291. 

Transpiration of air through water. Amer. Phil. Soc., Proc., 50» 117-124. 

Elliptic interference with reflecting gratings. Amer. Phil. Soc., Proc, 
50, 125-138. 

Elliptic and other interferences with reflecting gratings. Phil. Mag., 
22, 118-129. 

Independence of coronas of the thickness of fog layer. Amer. Journ. 
Sci., 31, 564-566. 

tJber sedimentation. Ostwald’s Kolloidal Zeits., 9, 14-16. 

The production of elliptic interferences in relation to interferometry. 
Carnegie Publications, 149, i-vi; 1-77. 

The production of elliptic interferences in relation to interferometry, 
Part II. Carnegie Publications, 149, Et. 2, i-vi; 79-168. 

jpj2 

The diffusion of gases through water. Report of the Eighty-first Meet- 
ing of the British Association for the Advancement of Science, 
Portsmouth, 1911. Murray, London, p. 357. 

Certain physical properties of the iron carbides, together with inferences 
deducible therefrom. In, Clark University, Lectures delivered at 
the celebration of the twentieth anniversary of the foundation of 
Clark University . . . Worcester, Mass., 128-161. 

Rate of decay of different sizes of nuclei. Amer. Journ. Sci., 33, 107-10S. 

Displacement interferometer adapted for high temperature measurement, 
adiabatic transformation of gas, etc. Amer. Journ. Sci., 33, 109-H9. 

The rectification of the spectrum in relation to the shift of ellipses in 
displacement interferometry. Phil. Mag., 23, 942-9S5- 

Comparison of two screws. Amer. Journ. Sci., 34> 333-337- 

Viscosity of gases and Bunsen flame. Science, 36, 320. 

Interferometry of ionized air. Amer. Journ. Sci., 34, 101-116. 

Growth of air bubbles on the walls of a beaker, etc. Amer. Journ. Sci., 
34, 304- 

The indices of doubly refracting crystals detected by displacement inter- 
ferometry. Phil. Mag., 24, 827-837. 

m3 

On a simple screw micrometer. Amer. Journ. Sci., 35, 267-269. 

Resolution of interference fringes. Amer. Journ. Sci., 35, 308-310. 
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The diffusion of gases through liquids and allied experiments. Carnegie 
Publications, i86, I -VI ; i-88. 

Scattering in case of regular reflection, etc. Nature, 92, 451. 

1914 

Electrometer with displacement interferometry. Amer. Journ. Sci., 

37, 65-86. 

The production of elliptic interferences in relation to interferometry. 

Carnegie Publications, 149, Pt. 3, I- VI; 169-273. 

An application of the displacement interferometer to the horizontal 
pendulum. Amer. Journ. Sci., S7> 5oi“5i3* 

Note on mutual repulsion of rigid parallel plates separated by film of air. 
Amer. Journ. Sci., 37, 350-351- 

Contractions of the order of the Lorentz-Fitzgerald. Amer. Journ. Sci., 

38, 352-354- 

The mathematician in modern physics. Science, 40, 721-727. 

1915 

Mutual repulsion of rigid parallel plates. Amer. Journ. Sci., 39, 93-104- 
The use of compensators bounded by curved surfaces in displacement 
interferometry. Amer. Journ. Sci., 40, 299-308. 

Trains of beating light waves. Science, 42, 350. 

Interferences of crossed spectra, etc. Amer. Journ. Sci., 40, 486-498. 
Experiments with the displacement interferometer. Carnegie Publica- 
tions, 229, I-VI ; I -1 13. 

Interferences with two gratings. Science, 42, 841. 

1916 

Interferences of the direct spectra of two gratings. Phys. Rev., 7, 

587-598. 

The interferences of reversed spectra. Amer. Journ. Sci., 41, 414-434, 
Distance between two parallel transparent plates. Phys. Rev., 7, 79-86. 
An apparent lateral reaction between identical pencils of light crossing 
each other at small angles. Science, 43, 282-284. 

Note on the interference of parallel and crossed rays. Science, 43, 345-436. 
Channeled grating spectra obtained in successive diffractions. Nat. Acad. 
Sci., Proc., 2, 378-380. 

Rotation of interferometer fringes. Amer. Journ. Sci., 42, 63-73. 

The interferometry of reversed and non-reversed spectra. Carnegie 
Publications, 249, 1-158. 

Interferometer methods based on the cleavage of the diffracted ray. 
Nat. Acad. Sci., Proc., 2, 475-478. 

The interferences of spectra both reversed and inverted. Nat. Acad, Sci., 
Proc., 2, 576-578. 

Methods in reversed and non-reversed spectrum interferometry. Amer. 
Journ. Sci., 42, 402-420. 
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Path differences within which spectrum interferences are observable. Nat. 
Acad. Sci., Proc., 2, 609-613. 

Non-reversed spectra of restricted coincidence. Nat. Acad. Sci., Proc., 
2, 614-617. 

Methods in reversed and non-reversed spectrum interferometry. Amer. 
Journ. Sci., 43, 145-162. 

Refractivity determined irrespective of form by displacement interferom- 
etry. Nat. Acad. Sci., Proc., 3, 1 17-122. 

Note on complementary Fresnellian fringes. Nat. Acad Sci., Proc., 3, 
432-436. 

The displacement interferometry of large distances. Nat. Acad. Sci., 
Proc., 3, 436-437* 

The measurement of small angles by displacement interferometry. Nat. 
Acad. Sci., Proc., 3, 412-41 5. 

The interferometry of reversed and non-reversed spectra. Part 11. 

Carnegie Publications, 249, Part II, 1-146. 

Experiments with the Foucault pendulum. Induction pendulum. Science, 
45, 265-270. 

Displacement interferometry in connection with U-tubes. Nat. Acad. 
Sci., Proc., 3, 334-339* 

Theoretical relations in the interferometry of small angles. Nat. Acad. 
Sci., Proc., 3, 563-565* 

Note on interferometer methods of measuring the elastics of small bodies. 
Nat. Acad. Sci., Proc., 3, 693-696. 

Transverse displacement interferometry. Nat. Acad. Sci., Proc., 3, 
360-365. 

The interferometry of small angles, etc. Methods by direct and reversed 
superposed spectra. Nat. Acad. Sci., Proc., 3, 665-672. 

igi8 

Types of achromatic fringes. Nat, Acad. Sci., Proc., 4, 132-133. 
Interference of pencils which constitutes the remote divergences from 
a slit. Nat. Acad, Sci,, Proc., 4, 134-136. 

Note on methods of observing potential differences induced by the carlh^s 
magnetic field in an insulated moving wire. (With Maxwell Barus.) 
Nat. Acad. Sci., Proc., 4, 66-70. 

On the equations of the rectangular interferometer. Nat. Acad. Sci,, 
Proc., 4, 13-19* 

Polarization of moving electrodes. Science 48, 253-254. 

Hygrometry in terms of the weight of a film of gelatine. Science, 48, 
374-376. 

The interferometry of vibrating systems. Nat. Acad. Sci., Proc., 4, 

328-333* 

Gravitational attraction in connection with the rectangular interferom- 
eter. Nat. Acad. Sci., Proc., 4, 338-342. 
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The rectangular interferometer with achromatic displacement fringes in 
connection \vith the horizontal pendulum. Nat. Acad. Sci., Proc., 4, 
349-354. 

1919 

Note on a contact lever, using achromatic displacement fringes. Nat. 
Acad. Sci., Proc., 5, 39-43- 

Interferential contact lever experiments relating to the elastics of small 
bodies. Nat. Acad. Sci., Proc., 5, 44-49. 

Note on the self-adjusting interferometer in relation to the achromatic 
fringes. Nat. Acad. Sci., Proc., 5, 53-58. 

An adjustment in relation to the Fresnel coefficient. Nat. Acad. Sci., 
Proc., 5, 120-125. 

On Herschell’s fringes. Science, 49, 385-386. 

Spectrum phenomena due to moving motes. Science, 49, 72-74. 
Displacement interferometry by the aid of the achromatic fringes. Part 

III. Carnegie Publications, 249, Part III, i-ioo. 

Displacement interferometry by the aid of the achromatic fringes. Part 

IV. Carnegie Publications, 249, Part IV, 1-122. 

An electrodynamometer using the vibration telescope. Nat. Acad. Sci,, 
Proc., 5, 211-217. 

The elongation due to magnetization. Nat. Acad. Sci., Proc , 5, 267-272. 
The interferometry of rapid vibrations, chiefly in relation to telephone 
currents. Nat. Acad. Sci., Proc., 5, 331-340. 

On the pressure variation of specific heat of liquids. Nat. Acad. Sci., 

5, 340-344. 

The motion of a gravitating needle. Science, 50, 214-216. 

The interaction of gravitating and radiant forces. Science, 50, 29-82. 

The displacement of the gravitating needle in its dependence on atmos- 
pheric temperatures. Nat. Acad. Sci., Proc., 5, 547-550. 

1920 

An example of torsional viscous retrogression. Nat. Acad. Sci., Proc., 

6 , 1-3. 

On spiral nebulae. Science, 52, 112-113. 

Uinterferometrie et les appareils interferentiel. Revue Generale des 
Sciences, 12, 401-409. 

Notes on a pneumatic method of measuring variations of the acceleration 
of gravity. Nat. Acad. Sci., Proc., 6, 495-498. 

Note on torsional measurement of variations of the acceleration of gravity 
by interference methods. Nat. Acad. Sci., Proc., 6, 498-502. 
Compression of a sound wave. Science, 52, 586-588. 

1921 

Adjustable embouchure. Science, 53, 47-4B. 

Acoustic pressure and acoustic dilatation. Science, 53, 489-494, 

An analogy between the theories of natural selection and electrolysis 
Science, 54, S3- 
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Pneumatic paradox in acoustics. Science, 54, 1 55“ 156* 

The energy* content of the diapason Nat. Acad. Sci., Proc., 7> 47 ~ 50 - 
The open mercury manometer read by displacement interferometry. Nat. 
Acad. Sci., Proc., 7, 71-75* 

The diffusion of air through water in the lapse of years. Nat. Acad. 

Sci., Proc , 7, 133-134- . 

Acoustic pressure distributions, chiefly in reservoirs and m pipes. JNat. 
Acad. Sci., Proc., 7, 207-213. 

The U-tube absolute electrometer. Nat. Acad. Sci., Proc., 7, 242-244. ^ 
Displacement interferometry applied to acoustics and to gravitation. 
Carnegie Publications, Z^o, i-viii, I-I49* 

1922 

Experiments with the vacuum gravitation needle. Nat. Acad. Sci., Proc., 

^3-15. ^ . cn * 

On summaries of recent advances in physics. Science, 55» i9“^o* 

Acoustic topography in a room. Science, 55, 321-326. 

Periods and logarithmic decrement of the gravitation needle under high 
exhaustion. Nat. Acad. Sci., Proc., 8, 63-66. 

Plane reflection of sound, as exhibited by the pinhole resonator. Nat. 
Acad. Sci., Proc., 8, 66-69. 

Acoustic topography varying with the position of the organ pipe. Nat. 
Acad. Sci., Proc., 8, 96-100. 

Cylindrical distribution of nodal strength around the pipe normal. Nat. 
Acad. Sci., Proc., 8, 119-123. 

Positive and negative pinhole resonators. Nat. Acad. Sci., Proc., 8, 
163-165. 

Static deflections of the vacuum gravitation needle. Science, 56, 451-453* 
Static deflection, logarithmic decrement and first semi-period of the 
vacuum gravitation needle. Nat. Acad. Sci., Proc., 8, 313-31^* 

On a comparison of the relative sensitiveness of telephones. Nat. Acad. 
Sci., Proc., 8, 326-327. 

The equilibrium positions of the vacuum gravitation needle in 1921 and 
1922. Nat. Acad. Sci., Proc., 8, 327-330. 

^923 

Glue bubbles. Science, 57, I5i-i53* 

Gaseous viscosity measured by the interferometer U-tube. Nat. Acad. 
Sci., Proc., 9, 71-72. 

Sparkless sparks. Science, 57, 420-421. 

The displacement of the capillary electrometer, for progressive dilutions 
of the electrolyte. Nat. Acad. Sci., Proc., 9, 156-158* 

Note on equations for tortuosity in Thomson and Tait’s ‘‘Natural 
Philosophy.’’ Science, 57» 562. 

Interferometer experiments in acoustics and gravitation, II. Carnegie Pub- 
lications, 310, Part II, I-VIII; 1-113. 
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The vibration of air in tubes capped at both ends. Nat. Acad. Sci., Proc., 
9, 263-65. 

The vibration of the air filament in quill tubes capped at both ends. 
Nat. Acad Sci., Proc., 9, 266-268. 

Achromatic and superchromatic fringes with a calcite rhomb. Nat. 
Acad. Sci., Proc., 9, 373-376. 

Vibration of the air filament in quill tubes. Single telephonic exciter. 
Nat. Acad. Sci., Proc., 9, 376-378. 

1924 

Vibration in spark-blown closed quill tubes. Electric oscillation. Nat. 
Acad. Sci., Proc., 10, 1-3, 

Exhibit of telephonic excitation of acoustic pressure. Nat. Acad. Sci., 
Proc., 10, 96-99. 

Density and diffusion of gases measured by displacement interferometry. 

Nat. Acad. Sci , Proc., 10, 153-155. 

The hodograph of Newtonian hyperbolic reflection. Science, 59, 260. 
Sensitive flames and apparent flame pressure. Science, 59, 137-138. 
Density and diffusion measurement by displacement interferometry in 
extreme cases. Nat. Acad. Sci., Proc., 10, 349-351. 

The diffusion of hydrogen into air, measured by the interferometer U- 
gauge. Nat. Acad. Sci., Proc., 10, 447-452. 

Review of Pierre Curie, By Madame Curie. Translated by Charlotte and 
Vernon Kellog . . . Macmillan, New York, 1923. Amer. Hist. Rev., 
29, 601. 

Review of Histoire de la nation francaise. Dirigee par Gabriel Hanotaux. 
Tom. XIV. Histoire des sciences en France, v. i. Plon-Nourrit et 
Cie., Paris, 1924, Amer. Hist. Rev., 30, 589-91. 

Pinhole probe measurements of the phase change of the telephonic 
end plates, acting on a closed cylindrical air column in longitudinal 
acoustic vibration. Nat. Acad. Sci., Proc., ii, 260-264. 

The effect of commutation of impedances on the acoustic pressure, pro- 
duced by paired telephonic systems. Nat. Acad. Sci., Proc., 11, 
494-498. 

Inductance treated acoustically by differential telephones, Nat. Acad. 
Sci., Proc,, II, 408-412. 

The acoustic pressure in tubes capped by high resistance telephones 
vibrating in different phases. Nat. Acad. Sci., Proc., ii, 581-584. 
Telephonic coupling of acoustic and electrical oscillations evidenced by the 
pinhole probe. Nat. Acad. Sci., Proc., ii, 728-732. 

Interferometer experiments in acoustics and gravitation, III. Carnegie 
Publications, 310, Part III, i-ix; 1-165. 

1926 

Resonant acoustic and electric oscillations released by the relatively slow 
spring break. Nat. Acad. Sci., Proc., 12, 137-140. 
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Mutually counteracting pinhole probes. Nat Acad. Sci , Proc , 12, 
223-227. 

Acoustic pressures in case of soap bubbles. Nat. Acad. Sci., Proc., 12, 
480-482. 

Acoustic pressure promoted by cooperating quill tubes without pinholes. 
Nat. Acad. Sci., 12, 482-4S6. 

Three phenomenal ages of cultural advance. Honor’s Day address. 
Brown University Papers, IV. 

1927 

Pinhole probe record of the closed organ pipe. Nat. Acad. Sci., Proc , 

13, 52-56. 

Pinhole probe experiments with massive air columns. Nat. Acad. Sci., 
Proc., I3» 87-91. 

Pinhole probe measurements with massive cylindrical air columns. Nat. 
Acad. Sci., Proc., 13, 223-227. 

Linear elements of the electromagnetic pinhole graphs. Nat. Acad. 
Sci., Proc., 13, 313-315- 

Reciprocating acoustic vibration on opposite sides of the pinhole in long 
quill tubes. Nat Acad. Sci., Proc, 13, 579-583 
Efficiency of pinhole probes. Science, 65, 329-331. 

The electric wind pressure phenomenon. Science, 65, 448-450. 

Mucronate electrode with micrometer. Nat. Acad. Sci., Proc., 13, 457- 
460. 

Pressure phenomena of the mucronate anode. Nat. Acad. Sci., Proc., 

13, 503-505- 

Graphic treatment of Euler’s equations. Science, 66, 114-115. 

The convective spark discharge of the mucronate electrode. Science, 66, 

358-359- 

Acoustic experiments with the pinhole probe and the interferometer 
U-gauge. Carnegie Publications, 383, i-x, 1-158. 

Change of convective to spark discharge. Science, 66, 658-659. 

1928 

Experiments with modified mucronate electrodes. Nat. Acad. Sci., Proc., 

14, 188-191. 

Anode and cathode sparks differentiated by the mucronate electrode. Nat. 
Acad. Sci., Proc., 14, 248-251. 

Sparks of the induction coil between mucronate electrodes. Nat, Acad. 

Sci., Proc., 14, 465-469. 

Little circle of reference. Science, 67, S30-531. 

Telescopic observations of cathode and anode points. Science, 67, 248- 
249. 

Reminiscences over fifty years. Columbia Alumni News, 31, 57. 

The repulsion between electric currents and their induced eddy currents 
in parallel, Nat. Acad. Sci., Proc , 14, 542-544. 
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The displacement interferometry of barometric pressure. Nat. Acad. 
Sci., Proc., 14, 641-645. 

Diagrams relative to Hamilton’s canonical equations. Science, 48, 276- 
277. 

Further experiments in microbarometrj". Nat. Acad. Sci., Proc., 14, 771- 

773. 

The interferometer U-gauge with closed auxiliary reservoirs. Nat Acad. 
Sci., Proc., 14, 855-857. 

Chemical reaction in the interferometer U-gauge. Nat. Acad. Sci., Proc., 
14, 939-943. 

ipap 

Adiabatic expansion in case of vanishing increments. Nat. Acad. Sci., 
Proc., 15, 22-25. 

Euler’s tensor and Hamilton’s cubic. Science, 69, 248. 

Adiabatic expansion in case of vanishing increments, II. Nat. Acad. Sci., 
Proc., 15, 237-241. 
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WILLIAM HENRY WELCH* 

1850-1934 

BY SIMON FLEXNER 

William Henry Welch was born April 8, 1850, into a family 
which for two generations had been country doctors in Con- 
necticut. His grandfather, father, and his father’s four 
brothers were all doctors, and William and four of his cousins 
were also to become doctors. Under such environmental influ- 
ences, it was to be expected that William, an only son, would 
fall at once into his place in the family vocation, first assisting 
and later succeeding his father in practice in the charming village 
of Norfolk. But this did not happen, and when circumstances 
compelled William to study medicine it was only after he had 
failed in his ambition, on graduating from Yale College in 
1870, to become a teacher of the classics. His predilection was 
for an academic life, not a life of practical affairs, and his chief 
passion at that time was for Greek. No tutorship being available 
for him, the young man, perhaps for the only time in his long 
life, was at loose ends. He taught school, for a year at Nor- 
wich, New York, while reflecting on the future I^efore him. 
At the end of this year he joined his father and reluctantly took 
up the study of medicine. After a short period, he returned to 
New Haven, having wisely decided to study chemistry at the 
Sheffield Scientific School, for during his pupilship no experi- 
mental science was taught in the academic course at Yale. 

William’s forbears had studied medicine in the local medical 
schools — the peripatetic school at Pittsfield, Massachusetts, or 
the Yale Medical Institution, as the Yale school was then called 
— or they had become doctors merely through acting as appren- 
tices to local practitioners. William alone of the family up to his 
time had had a liberal education preliminary to the study of 
medicine. In the autumn of 1872 he entered the College of 
Physicians and Surgeons, a leading school, in New York and 
graduated in the spring of 1875. The poverty of the medical 

* Based on William Henry Welch and fhe Heroic Aeje of American 
Medicine, by Simon Flexner and James Thomas Flexner, New York, 
Viking Press, 1941. 
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curriculum can hardly lie conceived by the medical student of 
today. The instruction was, with the exception of dissection in 
anatomy, almost wholly by didactic lectures. The courses were 
not graded, and the lectures were repeated in successive years. 
The possession of the doctor’s degree carried with it the priv- 
ilege to practice; state boards of examiners had not yet been 
instituted. Welch won an interneship in Bellevue Hospital 
which he completed in the spring of 1876, and there came under 
the influence of Francis Delafield, pathologist to the Hospital. 
Pathology exercised a strong attraction on him, so that the 
ardent young man was led to imagine a professional career for 
himself in that subject despite the fact that nowhere in America 
did there exist a chair of pathology from which a living could 
be extracted or a laboratory in which the subject could either 
be learned or taught. Nevertheless the fascination of such a 
career had taken firm hold of his mind and the vision was 
strengthened just then by the announcement of the opening of 
the Johns Hopkins University to take place in the autumn of 
1876 in which was to be included a medical school with labora- 
tories not onh^ to train competent practitioners but also to 
further science. 

Under the influence of this idea Welch sailed for Europe 
early in 1876, his destination being Strasbourg, where a strong 
new German university had been set up following the Franco- 
Prussian war of 1870. He spent a summer semester in the 
study of histology under Waldeyer, pathology under von Reck- 
linghausen, and physiological chemistry under Hoppc-Scylcr ; 
and in order not to be impractical, Welch listened to von Ley- 
den's lectures in medicine. Plis next move was to Leipzig, to 
the pathological laboratory of Ernst Wagner and especially the 
celebrated physiological laboratory of Carl Ludwig. Then 
Welch spent a semester at Breslau under the experimental 
pathologist Julius Cohnheim, with whom he carried out a piece 
of successful research on oedema of the lungs. 

The early months of 1878 saw Welch again in New York. 
He sought immediately an opportunity to teach and work in 
pathology. Failing in his object at the College of Physicians 
and Surgeons, he turned next to Bellevue Hospital Medical 
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College, which gave him three small rooms and spent twenty- 
five dollars for tables and chairs. Half a dozen microscopes 
were obtained somehow and as many volunteer students put 
to work. The course was instantly successful. \’ery soon 
students from all three medical schools in the city joined the 
classes, and within half a year the College of Physicians and 
Surgeons felt obliged to offer a similar course. They tried to 
attract Welch, but he remained loyal to Bellevue and recom- 
mended T. ^litchell Prudden of New Haven, also a German 
student of patholog\L 

This, in brief, is the story of the founding of the first labora-- 
tory of pathology in America. The money returns were small. 
W’elch turned to other employment to support himself : he made 
autopsies for physicians, examined and reported on specimens 
removed by surgeons, conducted quiz classes for hospital in- 
terneships, wrote for medical books, and engaged in private 
practice. 

Welch's six years in New York brought him reputation for 
knowledge and skill, but no success in attaining his main object, 
which was to develop pathology along German lines. Then one 
day Dr. John S. Billings, whom Welch had met in Leipzig in 
1877, author of the Surgeon General's Catalogue, just then 
engaged in building the Johns Hopkins Hospital, walked into 
Welch’s primitive laboratory, heard him lecture and watched 
him demonstrate, and talked to him about his future plans, 
inquiring what he would do if provided with adequate labora- 
tory facilities. This was on March i, 1884; on March 9 Billings 
was back in New York ; on March 10 Welch was in Baltimore 
for a conference with President Gilman, who offered him the 
professorship of pathology at the Johns Hopkins University. 
Despite strong pressure made on Welch to remain in New York, 
he accepted the offer on March 31. His almost impossible 
dream of 1876 had come true. 

In the middle seventies of the last century, when Welch 
studied in Germany, Robert Koch had not yet brought bacteri- 
ology into medical practice, and when he startled the world by 
the announcement of the cultivation of the tubercle bacillus 
in 1882 and the isolation of the cholera bacillus in 1883, Welch 
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was obliged to stand on the side-lines, as his small laboratory 
afforded no opportunity for the pursuit of bacteriology. His 
first move, therefore, after the Baltimore appointment, was 
to return to Germany for a year’s study of bacteriology, first 
under a pupil of Koch’s at IMunich, then under Flugge at 
Gottingen, pupil of both von Pettenkofer and Koch, and finally 
under Koch himself. 

The autumn of 1885 found Welch in Baltimore entering on 
his new duties. By good fortune he was given working space 
in Newell Martin’s biological laboratory. The laboratory was 
actively engaged in teaching and research, and Welch found 
himself in the heart of a university and in a company of scholars. 
W^elch was no scientific recluse, but a cultivated, companionable 
man, and he quickly established himself in the university circle. 
His happiness in the change from the arid years in New \ ork 
is apparent in his letters. 

In the six years that Welch spent in New York, he failed to 
bring a single piece of pathological research to a conclusion ; in 
the next six or seven years ending with 1892-93 he brought to 
a successful end researches on Bright’s disease of the kidneys, 
structure of white thrombi, haemorrhagic infarction, pathology 
of fever, causation of hog cholera, pneumococcus and acute 
lobar pneumonia, bacteriology of diphtheria, and most imi)ortant 
of all on the bacillus which bears his name — Clostridium or 
Bacillus welchii. This gas-producing bacillus which Welch 
discovered to be the cause of the presence of gas in the blood 
vessels and organs after death not attributable to post-mortem 
decomposition and erroneously mistaken for air, was to play 
a large role in pathology under a chapter to which Welch later 
gave the name of “pneumatopathology.” 

‘The Pathological,” as Welch’s laboratory was called and in 
which he was to spend the first thirty years of his Baltimore 
period, was hastily completed on the JohiLS PFopkins Hospital 
grounds and occupied by him in 1886. It was a la])()ralory 
modelled after the German pattern only it was more inclusive 
than such laboratories were in Germany. Welch was to combine 
the pathological anatomy of Virchow with the experimental 
pathology of Cohnheim and the bacteriology of Koch probably 
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for the first time in the laboratory of one man. The opening of 
the Hospital was three years off and that of the ^ledical School 
seven years oft. Hence courses were offered in patholog}’ and 
bacteriology to graduates in medicine and facilities for research 
provided to more advanced students. The Pathological became 
a busy workshop and continued to be a center of teaching and 
research throughout Welch’s professorship, which he resigned 
in 1916. 

Almost from the beginning, however, Welch was drawn to 
the public platform in order first to expound the modern bac- 
teriology and pathology, and then to promote the higher, or 
university, medical education. Welch had peculiar gifts which 
made him a graceful and persuasive speaker. He became, 
indeed, as the years passed, the teacher-at-large of scientific 
medicine throughout the nation. With the organization of the 
Hopkins Aledical School, in which he took the leading part, he 
was still further diverted from strict laboratory duties, and with 
the founding of the many educational philanthropies and various 
welfare organizations for medical and social betterment during 
the twentieth century, he was called upon more and more for 
aid and guidance. All these extra-mural activities, many in 
the city of Baltimore, encroached on Welch's laboratory time; 
his personal influence there continued, but the main teaching 
and all the research were carried on by his associates and pupils. 

Undoubtedly, Welch's greatest work was the upbuilding of 
the Hopkins Medical School, which exerted a strong influence 
in this country and even on medical education in Europe. The 
part which Welch played in developing the medical school 
extended over more than forty years. The first unit of the 
school to come into existence was the Johns Hopkins Hospital, 
which opened in 1889. At the outset a radical departure was 
made in the appointment of the major clinical staff, who became 
at the same time professors in the university. Hitherto medical 
schools in America were staffed from the local practitioners. 
The Hopkins called Osier in medicine, Halsted in surgery, and 
Kelly in gynecology, all from a distance. This was President 
Gilman’s policy put into effect by Welch. 

The four years between the opening of the hospital and the 
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launching of the medical school were anxious and strenuous 
ones. The school had already been too long delayed. It seems 
extraordinary, now that medicine has become so favored b} 
philanthropy, that this long delay should have depended on the 
comparatively small endowment of $500,000. But it was not 
until medicine in America had entered on its course of modern 
scientific development that endowments became progressively 
more frequent and large. And in bringing about this funda- 
mental change of direction Welch exerted a strong influence. 
The donors of the needed endowment at the Hopkins were a 
national group of women interested primarily in the highei 
education of women. In 1891 Welch had drawn up a plan of 
instruction in which he included, for admission to a medical 
school, preliminary training in biology, chemistry, and physics, 
and a reading knowledge of French and German. This standard 
was not to be adopted at once, but to be attained gradually. The 
women's committee seized on the plan and demanded its imme- 
diate execution, adding to it the possession of a college degree 
by the entrants and the admission of women on the same terms 
with men. All these conditions were reluctantly granted. Welch 
was made dean of the new school, the next step being the setting 
up of laboratories of anatomy, physiology, pharmacology and 
physiological chemistry staffed by trained teachers and investi- 
gators. The school got under way in 1893, and its classes grew 
in number with surprising rapidity. The country had ];)roved 
more ready than had been foreseen to take so great a step for- 
ward in medical education. 

About the end of the nineteenth century modern medical 
education was advancing rapidly and the output of scientific 
work had become considerable. The first scientific medical 
periodical — ^the Journal of Experhnenial Medicine — was issued 
in 1896 with Welch as editor. At the end of the century the 
Rockefeller Institute for Medical Research was founded with 
Welch as president of its Board of Scientific Directors. Ihtt 
progress in the clinical branches of medicine had lagged behind 
that in the laboratory branches. Welch now turned to tlie task 
of making the two l)ranches more nearly equal. To this under- 
taking he devoted many of his energies for the first dozen years 


220 



WILLIAM HENRY WELCH FLEXXER 


of the new century, the result being the institution at the 
Hopkins in 1913-14 of university chairs, sometimes called full- 
er whole-time professorships, in the main clinical subjects. 

Hygiene and public health had remained backward in the 
medical curriculum. Welch had become deeply impressed with 
their importance in ^lunich in 18S4 while studying bacteriology 
there. He had spent a short time working in von Pettenkofer’s 
hygienic institute. His eltorts to develop hygiene on an adequate 
basis in the pathological laborator}’ had failed for lack of funds. 
But he had not ceased propagandizing for the subject. Then 
in 1916 the Rockefeller Foundation, in the furtherance of its 
public health work under the guidance of the International 
Health Board, founded the School of Hygiene and Public 
Health at the Johns Hopkins University with Welch as its 
first director. 

Welch’s last years were spent in the organization of the 
Institute of the History of IMedicine in connection with the Uni- 
versity’s medical library bearing his name. The addition of 
medical history to the medical curriculum was also the realiza- 
tion of an early idea of Welch’s. Speaking at Yale College in 
1888, he had said that ‘‘nothing is more liberalizing and con- 
ducive to medical culture than to follow the evolution of medical 
knowledge.” In 1927-28 he spent eighteen months in Europe 
buying books for the library and institute. The institute itself 
was formally opened in October, 1929. Welch remained its 
director until 1931, when he retired from active university 
duties. He had a broad conception of the study of the history 
of medicine which, he said, “requires information on all condi- 
tions of civilization of the particular period under considera- 
tion,” and added that its real significance cannot be grasped 
“without knowing the state of contemporary knowledge of all 
important departments of science and philosophy.” 

Welch was elected to the National Academy of Sciences in 
1895, was a member of the Council from 1902 to 1911, was 
elected president in succession to Ira Reniscn for a six-year 
term in 1913. He resigned the presidency in 1917. It was in 
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Welch's presidency that the National Research Council was 
organized during the great war, and Welch served as member 
of the executive board of the Council from 1918 to 1933. On 
the entry of the United States into the war Welch became 
attached to the Surgeon General’s office, advising on medical 
personnel, acting as liaison man between the laboratory men 
and the army, making inspection trips to the camps and advising 
on laboratory organization and epidemiological problems. After 
the war Welch journeyed to Cannes, France, and took a leading- 
part in the founding of the League of Red Cross Societies 
which maintained a Bureau of Health in Geneva in conneqtion 
with the League of Nations. 

In 1906 Welch was made a trustee of the Carnegie Insti- 
tution of W’ashington, and two years later chairman of the 
Executive Committee of the Institution. 

Dr. Welch died on April 30, 1934, at the age of eighty-four. 
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WILLIAM LE ROY EMMET 
1859-1941 

BY WILLIS R. WHITNEY 

In attempting this biography, I am actuated by two separate 
motives. First; a wish to satisfy the request of the Academy, 
and then the sincere hope that I may do some good to young 
men who may be influenced by Emmet's precepts and example, 
in the problems of ever-bettered living. 

Anyone who has read Dr. Emmet's ‘'Autobiography of an 
Engineer" will wonder why I do more than abstract parts of 
that book, where everything is plainly and forcefully written, 
and so interestingly condensed. There the real character is 
exposed. 

But I look at Emmet's life as more instructive to the youth, 
than is succinctly explained in the book. The book is more an 
unusual practice than a preachment, and the reader may be 
diverted by some oddities. So, meditation may be in order. 
The world's views on how best to live, are not especially tan- 
gible or in agreement ; and Emmet had a way that proved good. 
People everywhere are apt to think pretty much as they are 
early advised to do, and they often do, without strenuous effort, 
about what the average does. This in itself may be an efficiency- 
agent for general survival. It may preserve, but it does not 
advance civilization. It is even questioned by modern meta- 
physicians, whether real advance is desirable or continuously 
possible, and whether we are any better off in our infinite arti- 
ficial complexities, than the monkeys in the palm-trees, who by 
merely extending their arms, get food and pleasant drink, while 
enjoying both in the protecting shade. 

Emmet early acquired a different and more efferent view. 
In his early youth he had stubbornly struggled to improve his 
own opportunities, while authorized teachers (of far less per- 
sistence) "marked him down." Finally he had experimentally 
proved that he did not have to remain submerged. He always 
felt that anything could be improved if it were rightly attacked, 
even Emmet. It was that idea, rather than any accumulated 
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data of pure science, which later determined his admitted suc- 
cess, He always worked hard, even into his To some 

friends, his ways seemed the most difficult. No one would have 
called him a patient man, but persistence was almost personified 
in him. He continually battled against himself and against de- 
ficiency in other men and materials. He would weepingly con- 
demn himself forever, because of some slip of a golf-stick but 
he would loan money to almost anyone without critical feelings. 

Mr. Emmet was what is properly called a research-engineer 
and one of rare ability, inquisitiveness and dynamic force. The 
engineer is usually a man who, knowing the physics of matter, 
and strengths of materials, together with prospective and cur- 
rent costs, constructs through the help of men and machines, 
structures such as will endure under the probable load of use 
and some abuse. But engineering continually changes in our 
days, and the manufacture of the newer products is due to the 
faith and works of the productive engineer. Those who, like 
Emmet, are never satisfied to stop improving designs, account 
for our new and better buildings, bridges, motors, tanks, loco- 
motives, aeroplanes, etc. Thus the good engineer advances the 
'^calling” itself by conservative but fearless use of new dis- 
coveries. Emmet was a research-engineer because he so often 
undertook difficult researches in order to help supply the data 
needed by engineers in order to design newly. 

If it were not a hallowed custom, I might have declined 
writing this article, but a fairly close association with Mr. Emmet 
for about forty years decided it. The American Society of 
Mechanical Engineers published his autobiography in 1940. 
In that book of 225 pages one may read a very detailed story of 
his life. It is an intimate and revealing picture of a man who 
was always trying to serve his race. There too one sees those 
remarkable abnormalities of mind and hand, persistence, ego- 
tism, friendly good-will, non-conformity, non-complaisance, 
and kindness, which were outstanding parts of his personality. 
He was certainly '"different.^’ He knew it and gloried in it. 
He even wanted youth to understand and benefit by it. 

He was born July loth, 1859, on Travers Island, near New 
York, and was one of ten children. His great-grandfather was 
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Thomas Addis Emmet. Thomas was the first of the family to 
migrate to America. Thomas was the elder brother of the 
heroic leader of the ill-fated Association of the United Irish- 
men, Robert Emmet. Robert was executed after the failure of 
his Dublin plot (1803) and his memory remains forever green 
in the hearts of the Irish. Thomas being banished, came to this 
country, where he became very successful and honored. He was 
at one time Attorney General of New York State. His son in 
turn falso named Robert) born in Dublin in 1790, ‘‘a man of 
very fine physique, temperate, clean and of excellent understand- 
ing,” was William Le Roy’s grandfather, and his father was 
William Jenkins Emmet. Thus grand memories and some 
genetic forces of fighting spirit and loving disposition were 
evidently dominant in his heredity. Of his mother, whose 
maiden name was Julia Colt Pierson, he wrote : believe that 
a good mother is a wonderful asset, but in my case I think it 
can be truly said that my advantages in that respect were unusual. 
My mother was beautiful, noble and of extraordinary intelli- 
gence and exalted ideals.” 

He graduated from the United States Naval Academy in 1881 
and was later a cadet on a long voyage of the U. S. S. Essex. 
This was a sailing vessel with a steam auxiliary which gave 
much trouble. Salt water was used in the boilers and these had 
to be frequently ‘‘blown-down” to keep the salt content below 
a certain limit. Such experiences evidently gave him much 
desirable knowledge of the practical improvements to be made 
in the propulsion of Naval vessels. 

Before selecting items of his success, let me give my own 
picture of what I saw in his mind during four decades of con- 
tacts. He always looked upon himself as “a hound for detail” 
but highly forgetful and most absentminded. Truth is very 
exacting ; and close contact with it led him to make many experi- 
ments where others may have delved less carefully. He thought 
that individual mental power, originality and directive ability 
were about as lacking in the “good scholar” as in the poorer one 
and he dubbed himself a poor one. The inquisitiveness of per- 
petual youth, however often it may be discouraged by those 
“Who ought to know better,” was his asset. Admitted ignorance 
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is a firm foundation for the buildings of natural curiosity. For 
that reason he never hesitated literally ‘^to stick his neck out/ 
whether it was about the structure of the moon, the social theo- 
ries of President Wilson, the weakness of other men, his own 
handicap at golf, the economy of steam generation, some vagary 
of ice-curling, salmon fishing or of moose hunting. He was 
mentally omnivorous. He had no fear of ridicule. He fre- 
quently wrote such self-evident truths as: ‘‘I think that my 
ideas are valuable.’' But I am sure that he visualized in the 
possible developments, the addition to his knowledge which 
came through the contributions of ideas of others who in various 
ways felt forced to correct him if possible. It was doubtless for 
that end that he knowingly and persistently '^put out his feelers.’’ 
Having no false mental reserve, he sensed the great values of 
verbal contacts. At one time he could write: ‘‘The men with 
whom I came in contact did not understand me at all and did 
not see my possibilities.” Again, ‘T gave the chief engineer 
the benefit of my opinion but if he had known that he was 
talking to a great engineer, he might” etc., and again “many 
good specialists are not experimenters. Their tendency is to 
think that their science is sufficient for all needs, which is al- 
ways a very erroneous idea.” - . . “In engineering, the leader 
must know the detail, and force others to it.” . . . “All of which 
goes to show that the teacher is not always right.” . . . “It is 
better to seek arts and facts rather than other people’s opinions.” 

But he always acted as though he knew that nature held in 
front of him an endless number of interesting and productive 
new laws, materials and technical novelties, and that even in 
our day, they were only to be approached slowly and under 
considerable difficulty. 

It would be a serious mistake to overlook the all-roiindness 
of Mr. Emmet while trying to do justice to his engineering 
powers. I know of no one who so intelligently conjoined voca- 
tion, vacation and avocation. In his early days in Schenectady 
he was constructively active in introducing there such outdoor 
sports as skiing, skate-sailing, ice sailing and also always con- 
tributed some related novelty such as a new harness for skiis 
or a bow-shape front edge for a skate sail. Many friends 
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learned about his skill as a fisherman by being notified at the 
Mohawk Club that a fresh salmon for him was in the ice box 
sent from some remote river by Mr. Emmet. 

With our modem engines, motors, movies, radios, x-rays, 
television, cyclotrons and electron-microscopes, he saw how 
much men learn from healthy curiosity. He saw that man never 
need be satisfied, though he could oppose dissatisfaction. ‘'Un- 
satisfied’' was his motto. He clearly and hugely enjoyed diffi- 
cult engineering. He did more than his part in releasing power 
of new service from nature's boundless box of still unrecog- 
nized servants. That is a sort of liberation which may go on 
forever (if history from the Stone Age is any criterion). And 
to quote a recent address : ‘Tt will be impossible to put back into 
their bottles the genii which have been released." 

As an illustration of possible advantage of the biographer over 
the autobiographer, I shall emphasize from Emmet's life some 
of the points in modern engineering which young ambitious men 
should know. For example: after leaving the Navy, Emmet 
tried, more or less unsuccessfully, several different ways of 
making his living. One of these was as helper in the arc lamp 
factory of the United States Illuminating Company in New 
York. This was in ^86 when electricity was less understood, 
and those in the lamp industry knew so little about it that 
Emmet, because of his schooling with motors and generators 
at the Naval Academy, was able to acquire and use much prac- 
tical electrical knowledge. Here was a turning point in his 
self-confidence. He had little self-confidence at the time, “al- 
though that has been my strong suit in later life." 

Those who knew him intimately saw that his confidence was 
his winning card. But I want to point out that, with such 
isolated individuals (even most inventors), there is always pres- 
ent the danger of failure before their promising undertakings 
can be completed. This is part of the explanation for our large 
long-lived American-type manufacturing organizations. Here 
Emmet was made successful. Here experts of different lines — 
from conceiving, experimenting, engineering, financing ; through 
manufacturing and profitably selling, — combine and cooperate 
for success. Emmet's life well illustrates this point. 
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In sharp and sad contrast to it was the life of his first em- 
ployer, the fervid, lone-eagle, entrepreneur Frank Sprague. In 
our present large industrial undertakings, it is not enough to 
have conservative engineering, or even that of bolder type. 
Support is needed. After a long life of arduous electrical pro- 
motion and engineering, Frank Sprague died impoverished; 
Emmet, wealthy. They seemed quite alike in their boundless 
energy, enthusiasm, engineering strength and personal bold- 
ness. Both were trained in our Naval Academy, though in 
different classes. Both were outstanding members of the Naval 
Consulting Board of 1917. Of him Emmet wrote: 'There are 
few men in the electrical industry «vho have been more uni- 
formly right than Frank Sprague, and I always had a great 
admiration for his intelligence, originality and courage.’’ 

In his formative years Emmet had designed, manufactured 
and sold some of his brain-children. But his life afterwards 
showed that he could conceive and design much greater contri- 
butions to electrical development than almost any individual 
could both design and produce. When he came to Schenectady 
(he says) 'Tt was a very important move.” He came into 
contact with many business men and also those skilled in arts, 
together with their machines. He thus rapidly extended his 
mental scope and realized "That with the facilities in men and 
machinery now available, I ought to be able to do good work.” 
This conclusion well fits into the picture of organization where 
each of many different ambitious specialists devotes his per- 
sonal abilities to working with others. Such is a reason for 
modern large industrial corporations. 

Emmet wrote later: "I have never had any idea of leaving 
Schenectady, although I have had very attractive offers of 
other work. I have had no desire for promotion, have avoided 
executive duties as much as possible, although I have demon- 
strated that I can handle them ably, and my position has been 
very much what I chose to make it.” 

Together with this, ought to be taken the facts that among 
other activities, such as planning and selling the largest steam 
turbine, he also designed the radically novel electric propulsion 
apparatus for ships and personally gave information to prospec- 
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tive purchasers. Our Navy vessels are now in many cases 
driven by his propelling devices. 

Thus Emmet was not seriously restricted in his efforts, and 
on the other hand he was relieved of duties gladly shouldered 
by men particularly trained for them, who took pleasure all 
their lives in helping his dreams come true. 

It was characteristic of Mr. Emmet not to harbor his ideas, 
but to launch and sail them forth in any sea, where they had to 
sink or float, “on their own.’’ I admired that character. At 
one place in his book, he criticised President Wilson for thinking 
and saying that employees of large corporations were to be 
pitied because forced to do the bidding of their superiors, etc. 
Emmet wrote : “in this he is almost completely wrong, because 
he, like most political critics of industry, had not had oppor- 
tunities of knowing its complicated conditions. The idea that 
he (the employee) is less independent than the man employed 
by smaller concerns, is utterly fallacious.” 

He vigorously defends “largeness” with such words as 
“wrongdoing by large concerns is for many reasons difficult 
and unsafe.” By that he called attention to the fact that men 
usually pull well together when the integrity of all is evident 
to each. And it becomes dangerous in such a group, to suggest 
ways unethical or low-aimed. When men are “in conference” 
they usually put forward only their best thoughts. A low- 
down thinker is apt to be excluded. 

Emmet’s pioneering in the problems of steam turbine is one 
of several cases in which a radical engineering experimenter 
was given his grand opportunity by adequate support. At the 
time, it was a burning question whether the principle of the 
steam turbine could be made to compete with the existing 
reciprocating engines which had had such long and continued 
improvement. Curtis in America and Parsons in England had 
not proved the technical advantages in cases of large power 
turbines; though it seemed promising on paper. Mechanical 
developments and suitable materials had not “arrived.” The 
facts at this stage forced engineers to question the technical 
outlook, even after three years of intense local development. 
At this point Emmet met Curtis and became convinced of the 
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basic idea that continuous rotation of the pressure-surfaces 
had such great advantage over the stop and restart of recipro- 
cating pistons, that it must ultimately succeed. Efficiency of 
power production from fuel, which was ever afterwards 
Emmet's life-aim, had still not proved so high for turbines 
as for standard type steam engines. Emmet, though claiming to 
be no thermodynamist, felt so certain of the turbine-future 
that he at once accepted the difficult job of proving its value. 
Through the cooperation of many men, minds and machines, 
success followed the bold venture. After five years of painful 
effort and frequent disappointment he could then write: ''We 
developed an enormous industry and put practically every engine 
builder in the country out of business so far as the driving of 
electrical apparatus was concerned." Injuring others was never 
his aim, but almost anyone can appreciate the great advantage 
to electrical manufacturers of controlling and making their own 
complete power plants. 

A typical Emmet act is recorded by him in his relations with 
Mr. Junggren, who was his manufacturing agent for all the 
detailed work. He had great faith in Junggren, but because 
Emmet was an experimenter, things did not always go smoothly, 
and he had "many long contests with him." But when Junggren 
received a flattering offer of work elsewhere, Emmet reports the 
outcome as follows (which shows the honest Irish wit so 
dominant in him) : "I told Mr. Rice (Chief Engineer) that I 
was spending too much of my time contending with him and 
I could get along better without him. He asked me what he 
should do about letting him go, and I told him to pay his price 
and hold him, an action of which I have always been glad." 
They worked together happily for many years afterward. 

Of Curtis, whose ideas were made practical by Emmet, he 
wrote: "When he was given the Rumford Medal at Harvard, 
I was in the audience and he did not know it. He spoke more 
of my doings than of his own and in fact did not do himself 
justice at all." (Emmet-like.) 

Sensitive to the needs of coming engineers, Emmet, when he 
had learned of the possibilities and advantages of the more 
modern alternating current over the predominant direct cur- 
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rent, proceeded to write a book on the subject. This was a, highly 
appreciated step in education by a busy man. 

His long life was filled with attempts to devise improvements 
in electrical fields. His introduction of mica tape winding, to- 
gether with forced air-circulation for more effective cooling 
of large apparatus, was called-for by the rapid advance in the 
then new aluminum' industry, where the largest then known al- 
ternating currents had to be changed into direct current. He 
was engaged not alone in such work of detail. It is worthy 
of note that he wrote as follows: “The more a man originates 
and tends to depart from the beaten path, the more he has 
to exert himself in selling his product and in this respect I 
have had to be very active.” But he also wrote : “While I have 
given the impression that various things were my doing, there 
were few things that I did in which others did not have a 
hand and many that I could not have done without able help.” 
Too true! But he was a great catalyzer. 

Nowadays when the existing interconnected alternating 
systems everywhere criss-cross the country, and that too with 
such frequency-control that electric clocks used thereon keep 
perfect time everywhere, we are apt to forget that in Emmetts 
day the problems of working alternators in parallel (without 
“hunting”), had still to be solved. It 'is an interesting part of 
his work which helped thus to extend the applications of alter- 
nating currents. 

In many other problems of electrical engineering, he either 
brought about the advance by his own effort and vigorous 
experimental work or by instigating and encouraging others. 
Among such things is the long-used “varnished cambric” in- 
sulation, which soon displaced other materials like shellac. His 
varnish was glazed into the cambric by heat. This contributed 
to his aim of a thoroughly waterproof insulation. In the case 
of railway motors operating under ice-and-snow conditions of 
winter, this was of supreme importance. His work on oil 
switches is another case of that kind where close knowledge of 
details was absolutely necessary for his success. As the de- 
mands continually increased for higher and higher power, there 
was a natural extension of these switching and circuit-breaking 
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devices. Here again his practical experience supplied him with 
what was needed. 

I recall with interest that when he laid the foundations for 
the engineering of mercury boilers, Emmet went at once into 
tlie very simplest but fundamental experiments. Many of 
these he insisted on performing himself and all of them he 
had to witness. This gave him the “feel” of the physics of 
the problem. He began by using for a research-“boiler” a 
straight glass test-tube of about two inches diameter and six 
feet long. It held more mercury than we had ever seen before. 
Mercury boiled in this tube with troublesome bumping at 
atmospheric pressure. But this showed him at once how to 
go about improving boiler-tubes. The ratio of heating sur- 
face to volume of mercury had been altogether too small. He 
then tried a double test-tube, still of glass, one tube being 
suspended (submerged) within the mercury in a slightly larger 
tube. Here the liquid was confined and boiled in the annular 
space between the walls. A study was then made of the pre- 
ferred space-dimensions. His aim was to use less mercury and 
yet give it as great surface-contact with the heat as possible, 
while providing also for the escape of the vapors. 

This is not the place for recording his experimental troubles, 
but the forceful way he worked and his insistence on personal 
close contact with every relevant detail should be illustrated. 

The experiments with glass tubes led to the design of the 
first steel boilers put into actual service. These were the so- 
called “porcupine-types,” and involved the double test-tube 
design. Thousands of these steel tubes (welded shut at the 
bottom), were also at the tops welded into the large vapor- 
dome. This welding in tliose early days of a now highly de- 
veloped art, seemed, and was, almost impossible. Most of the 
trouble (and there was much of it) was due to leaks of precious 
mercury through defects in welding. It was almost too early 
in the history of electric welding or gas welding, but this again 
illustrates the difficulties which Emmet like other innovators 
was bound to meet. He knew that such combinations of novel- 
ties as mercury in boiler-tubes and new welding processes were 
capable of working exponentially, just as men with individuality 
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cooperate to an extent beyond the simple sum of their separate 
abilities. I think it was this peculiar knowledge on the part of 
Mr. Emmet which he saw as his greatest asset. It is not gen- 
erally understood. 

The desirable position of safety in a research engineer's work, 
whether it shall be “safety first,” or, for future developments, 
some modification like “safety last,” is more clearly expressed 
in a paper he wrote in 1904. 

“Many engineers may consider the part of wisdom is to 
adopt only apparatus, the usefulness and reliability of which 
has been well established by experience. There are many cases, 
however, in which such reasoning cannot be wisely adopted, 
and among these the case of steam turbines is conspicuous.” 
He was not guessing nor wishfully thinking, but basing this 
conclusion upon facts of steam characteristics. He also knew 
that the same forces of improvement as had led steam-engine 
development to continued higher efficiencies, would certainly 
contribute to the newly attempted but obviously promising tur- 
bine fields. There should be no end to improvements in either 
field, but the conservative estimated possibilities of the fresher 
field influenced his views. This was well warranted by the new 
facts which his efforts later brought to light. Improvement 
continued for a quarter-century. It shows no sign of ceasing. 

This memoir would be quite incomplete if it did not point 
out that (in addition to his specific engineering undertakings) 
he was also a public-spirited citizen. He frequently contidbuted 
to social discussions in the .press and he addressed socialistic 
gatherings always with the idea expressed by him : “The hope 
of future generations lies in the evolution of a race which has 
judgment, foresight, and providence; and we cannot hope to 
produce it by giving people the “sheltered life.” He believed 
in democracy with a minimum of government and he refers to 
Socialism as representing a maximum of government. “As 
our society becomes more complicated the activities of govern- 
ment must extend, but for growth and productiveness we must 
always look to the individual and if his opportunities are much 
restricted, our civilization must correspondingly shrink.” To 
him, civilization was a going process and not merely a product. 
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It has something changeable for better at all time, — not static, 
but hugely dynamic, with possibilities which are limited only 
bv the degree of personal liability and personality which our 
form of government has fostered in its people. 

He was a democratic worker too and highly appreciated the 
contributions to industry which come from men who take pride 
in their individual skills. This was the advantage of large 
organization which Emmet understood. Why Europe is not 
more productive of inventions than America, he ascribed to 
"'too much dependence on learned doctors rather than on the 
common man of little education.” '"Europeans tend towards 
being somebody while Americans tend toward doing something.’’ 
The initiative of individuals can create an interlocking system 
where any pretext of rank in the group is displaced by rising 
individual ability. In absence of such contribution, "society 
tends to become less ebullient and the rise of native ability 
becomes less easy and natural.” He often expressed great 
interest in the fact that everywhere in nature, not only among 
men, there exists the great mass of general activity in which 
a few individuals by unusual mobility, rise to visible heights 
of some sort of helpful service. They are abnormal but they 
determine the rate of growth of civilization. 

In support of my contention that Emmet was interested in 
things outside of his engineering work, and persistently under- 
took to contribute to many fields, I ought to mention such items 
as his publication on "The Formation of the Moon and 
Earth.” This is not done to emphasize the fact that astronomers 
are still uncertain as to the relative contributions of volcanoes 
and falling meteors to the Earth or the Moon. They recognize 
falling bodies as contributing to the pock-marked moon-face^, 
as Emmet suggested. But it was typical of him to select this 
subject for a Fortnightly Club address, where discussible papers 
were most desired. It was typical also that he had noticed that 
many of the Moon’s "craters” looked more like spattered mud- 
holes than like extinct volcanoes. Most of us see in such cases 
about what the experts say they see. But Emmet usually looked 
for more. He knew about the Great Meteor Lake in Arizona 
and reasoned that meteors were not always few or isolated 
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cases. Why should not at the proper time, such falling bodies 
somewhat disfigure the face of the moon ? Such ideas, acquired 
from thinking independently, and about ‘‘first causes,"’ gave 
him interesting views of geology and cosmic actions, so, at his 
own expense, he published the above mentioned paper, which 
was later printed in The Scientific Monthly. The effects of such 
efforts, when based on observation, make people think and that 
was his aim. A written reference to this is also interesting: 
“To this moon and earth theory, which is only in part original 
with me, I have given a good deal of study and I think my ideas 
are valuable.’" 

Here is another example of the way he actually worked. Any 
new undertaking usually involves some risk. It has the pecul- 
iarity that not all its dependent parts can be found at the be- 
ginning. Some essential portions must be sought and dis- 
covered. This calls for faith. Judgment and reason testify that 
much yet unknown always responds to new effort. It is a 
bold engineer who does not put safety first, but how may 
one know just how far to depend upon future discovery to in- 
sure his new ideas ? In case of the mercury boiler, Emmet had 
left as little to chance as possible, but it was not realized that 
there would be an actual dissolving action of mercury on steel. 
Everyone knew that mercury was kept indefinitely in iron con- 
tainers. Nevertheless at the temperature of preferred design, he 
discovered a low rate of solution of the iron. This meant possible 
ultimate loss of valual^le mercury from holes eaten through the 
hottest part of the boiler. Emmet’s planning now showed his 
skill. He called for a detecting device which would show the 
slightest trace of escaping mecury in the stack-gases. The device 
had to be more sensitive than any existing means. Several types 
were then invented and so arranged that the slightest leak would 
start the operation of warning and shut-down apparatus. Mean- 
while a different group of experts was asked to devise means of 
preventing this dissolving action. For this he chose “Tony"" 
Nerad, a research man after his own heart. With various hy- 
potheses they made countless experiments. Any hypothesis, if 
tangible, was forcefully applied. Many such had to be abandoned. 
Finally a certain mixture of very small quantities of rare metals 


245 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — VOL. XXII 


proved the boiler life-saver. No one could have safely predicted 
this result, and few could explain it when it was proved. My 
point is that the attempts were a part of Emmet's risking and 
persisting technique. 

After he had experienced the uncertainties of early years, and 
had begun devoting his unusual energies to the electrical field, 
he still spent himself generously upon many of the details of the 
rapidly expanding work. But consistently he seemed to be 
planning for some distant future. Everything which could sim- 
plify electrical applications was of interest to him. Every new 
suggestion for increased economy appealed to him. In mid-life 
he had applied himself to the pressing needs of current problems, 
gradually he extended himself into the future possibilities. He 
never stopped trying to find methods which might give more 
electrical energy “per pound of coal." His path is clear as he 
went from lighting and railway applications through steam and 
water-power generation to the entirely new applications. His 
foresight also included the development of his assistants and of 
other young engineers generally, as though he saw those un- 
limited fields of mechanical futures which our growing sciences 
make certain. His electric drive for ships was one step, but his 
mind saw others more promising and more difficult. When he 
was only part way through work on mercury boilers and turbines 
for the largest power-stations, he had tempting visions of mer- 
cury boilers on locomotives and in ships. The possible physical 
and electrical dimensions seemed to promise well in such fields. 
It was thus, to him, but a natural step to mercury-power in 
aeroplanes. He was guided by the outstanding fact that (olher 
things equal) the greater the differences between the temperature 
of boiling and that of practical condensing, the greater the 
efficiency of a boiler. Mercury was “compact," need never be 
lost, could be boiled at any temperature that metals could stand, 
etc. Perhaps his incompleted visions will appeal to others later, 
but it was natural that he should have had them. He had many 
other visions in old age without having been called “visionary." 
He based his views on facts he knew something about, and he 
hoped obstructions either of men or materials could be removed 
by sufficient effort. 
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Thus his latest efforts were mostly directed toward lowering 
the cost of ‘‘prime electric power.” It was a problem worthy of 
his metal. To the company for which he worked, it was no secret 
that new uses beyond the original ones of Edison (incandescent 
lighting) began to make the cost of lighting quite negligible. 
Every farm-house and barn, every city-home could be eco- 
nomically lighted. But how and where might the applications of 
power which was so conveniently carried by wires do a better 
job? This has been a constant problem. It attracted the in- 
dividualist, Emmet, and was his final worth-while life-work. 
The larger the power plant (generally) the cheaper the power 
per unit. The more differing useful devices “on the line,” the 
more the cost per item could be reduced. For many items, the 
service became practically costless but priceless, after the wires 
were in. The radio, home-movie, furnace-control, door-bells, 
clocks, etc., need current, but consume so little as to be negligible. 
Thus with the steadily increasing applicability of the current, 
there was a natural desire on Emmet’s part to appreciate it all. 
By that I mean to add to it ; and so he continued to see new 
uses until his death at eighty-two. 

From men who came closest in contact with Mr, Emmet in 
his life-work, I quote first from Mr. E. W. Rice. Thus he who 
had, through many strenuous years, supported the new and 
untiring efforts of his leading engineer (a most unpeaceful job) 
could later write : “I became acquainted with Mr. Emmet about 
1894 and was immediately impressed with his character and 
peculiar ability. Those who know him best have found, behind 
the determined demeanor, the fierce love of truth, the hatred of 
cant, a wholesome lovable personality, a strong man who carries 
within his big body a great loving heart and who has fairly won 
that most precious thing in life — ^the love of his fellow-men.” 

From perhaps his closest engineering assistant, Bevis P. 
Coulson, Jr., the following: “Salient characteristics: untiring 
energy, great persistency and courage. Always in search of a 
reason for everything. Capable of seeing a clear mental picture 
of the whole problem and at the same time without neglect of the 
smallest detail. Capable of foreseeing the future possibilities of 
an engineering project. Best judge of character and ability of 
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men I have ever known. Never tired of thinking and re- 
peatedly saying : ‘It is thinking that counts.’ Persisted in pro- 
moting only engineering projects that he knew to be worthwhile. 
Capable of aptly expressing his views. Always glad to discuss 
his problem with anyone who was interested. Did not suffer 
fools gladly. Persisted in experimentation.” 

Emmet was at one time vice president of the American In- 
stitute of Electrical Engineers, also a member of the American 
Society of Mechanical Engineers, of the Society of Naval 
Architects and Marine Engineers and of the National Academy 
of Sciences. Both Trinity and Union Colleges gave him the hon- 
orary degree of Doctor of Science. He also received the Gold 
Medal of the St. Louis Exposition and the Gold Medal of the 
San Francisco Exposition. 

In 1909 he received the Edison Medal and in 1920 the Elliot- 
Cresson medal of the Franklin Institute. He also received the 
Gold Medal of the American Society of Mechanical Engineers 
and in 1938 The American Society of Architects and Marine 
Engineers awarded him The David W. Taylor Medal. 

He died at his nephew’s home in Erie, Pennsylvania, Sep- 
tember 26, 1941, and was buried with Naval Honors in the 
National Cemetery at Arlington. 
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GEORGE ELLETT COGHILL 
1872-1941 

BY C. JUDSON HERRICK 

George Ellett Coghill was a philosopher before he was a 
biologist. At Brown University he followed the conventional 
classical course, graduating in 1896 with the A. B. degree. At 
twenty-five years of age, without professional training in philos- 
ophy, psychology or biology, during several months of solitary 
meditation he pondered the issues of a naturalistic philosophy 
which was consonant with his own way of thinking. The 
problems with which he struggled were essentially psycholog- 
ical; accordingly, he resolved to try to penetrate to the root 
of the matter and devote himself to an inquiry into the natural 
history of the human mind. 

He realized at the outset that the biological approach offered 
promise, for the key factors probably lie in the nervous system. 
It was also evident that one lifetime is too short for that pro- 
fessional training in philosophy, psychology and biology requi- 
site to round out the program. The obvious answer was to begin 
at the beginning and qualify himself as a biologist. This he 
did. Though most of his published research is strictly biological, 
the philosophical interest never waned and he was alert for the 
psychological meaning of his findings. His reading covered 
a wide field and was directed toward psychological interpretation 
and philosophical integration, as testified by voluminous notes, 
extracts and comments, all systematically filed and indexed. 
This background perhaps explains the curious fact that, though 
he was expert in neither philosophy nor psychology, his work 
received wider recognition in the psychological field than among 
his biological colleagues. 

He was born at Beaucoup, Illinois, on March 17, 1872, the 
fifth of a family of seven children of John Waller and Eliza- 
heth Tucker Coghill. He was reared on a farm near Rose- 
ville, Illinois. On September 13, 1900, he married Miss Muriel 
Anderson and to them five children were born, Robert DeWolf , 
James Tucker, Louis Waller, Muriel, and Benjamin Anderson, 
He is survived by these children and their mother. 
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He attended Shurtleif College for two years, then trans- 
ferred to Brown University. His biological training began at 
the University of New Mexico, which he entered as a graduate 
student in 1897 and left with the rank of assistant professor of 
biology in 1900; it was continued at Brown University, 1900 
to 1902, when he received the Ph. D. degree in biology. During 
several collegiate appointments from 1902 to 1913 and as pro- 
fessor of anatomy in the University of Kansas from 1913 to 
1926 a secure factual foundation was laid by unremitting ob- 
servation and experiment and this accumulation of data con- 
tinued until his death at Gainesville, Florida, on July 23, 1941. 
During the decade, 1926 to 1936, he held a research appointment 
as member and professor of comparative anatomy at the Wistar 
Institute of Anatomy and Biology, Philadelphia, and during 
this period the chief conclusions reached were formulated in 
lectures and brief published papers. He was elected to mem- 
bership in the National Academy of Sciences in 1935* 

The years 1936 to 1941 were spent in retirement. Though 
broken in health and at times completely incapacitated, these 
years were productive. He continued his research as strength 
permitted, aided by grants from the Josiah Macy, Jr. Founda- 
tion, and had in preparation a comprehensive work to be entitled, 
“Principles of Development in Psycho-organismal Behavior'* 
designed to present a psychological and philosophical synthesis 
of his studies on organismic development and the significance 
of mentation in these vital processes. Unfortunately this manu- 
script was left unfinished. 

The nervous system was envisaged as a going concern the 
business of which is to maintain efficient coordination of the 
internal activities of the body and to ensure appropriate adjust- 
ment of the animal with its environment. Anatomical structure 
is meaningless apart from what it does. In all of his work this 
attitude is manifest. Every detail of structure and every ob- 
served activity was consistently examined in its relations with 
the organism as a whole. The program wa.^ so purposefully 
planned that every line of inquiry begun was directed toward 
a definite end and was set in its appropriate place without 
fumbling or lost motion. 
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The most significant outcome of this series of researches is 
the impressive demonstration of the unity and integrity of the 
organism and the dominance throughout life of the "'total pat- 
tern” over "partial patterns” of behavior. Most behavior results 
from local and transient disturbance of this equilibrated system. 
There are many subordinate centers of dominance with more 
or less local autonomy, but these develop and continue to operate 
within the frame of the organismic whole and any permanent 
distortion of balanced interaction within this hierarchy of in- 
tegrated units is abnormal. The nervous system is the chief, 
though by no means the only, agency employed in the main- 
tenance of normally balanced vital functions, and the research 
program was directed primarily to the discovery of the actual 
apparatus involved. 

These generalizations may be formulated as one views the 
program in retrospect. They matured slowly in Dr. Coghiirs 
mind, not as logical deductions from philosophic premises, but 
from the evidence accumulated as the research progressed. 
There is no evidence of any philosophic "system” at the start. 
On the contrary, problems were attacked with an open mind 
singularly free from preconceptions and distrustful of dogma, 
conventional methods and traditional formulations. This is il- 
lustrated by a remark in his early account of the behavior of 
Triturus larvae in 1909, where he writes, "tabulated schemes 
for rapid recording were tried in my first experiments of 1906, 
but it soon became apparent that such forms could not be ad- 
hered to, for they were necessarily based upon presumptions of 
some sort and were, therefore, a hindrance rather than a help 
to alert ol).servation.” 

The original purpose was to find out what animals do with 
their nervous systems. Direct observation of the nervous tis- 
sues in action was impossible. At that time no technique was 
available for this, but overt behavior was observable. The prob- 
lem was to find some way to correlate this behavior with the 
nervous tissues which activate and regulate it. Some progress 
had already been achieved by indirect methods of experiments 
on animals and by neuropathological studies, but a more direct 
approach was sought. 
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About forty years ago he resolved to attack this problem 
genetically. The late Stewart Paton was at that time (unknown 
to Coghill) investigating reactions of vertebrate embryos and 
associated changes in the nervous system; but his objective and 
methods were radically different from Coghiirs, for he dis- 
missed the study of specific reactions as impractical and aimed 
to discover how far the behavior in general is dependent upon 
“the functional activity of a nervous system.’^ This specific 
relation is exactly what Coghill proposed to investigate. 

Doctor Coghiirs plan was to select some primitive and gen- 
eralized species of animal with simple behavior and a nervous 
system which is correspondingly simplified, though not beyond 
the limit where comparison with human structure is prac- 
ticable. The first step would be to follow the development of 
this animal from egg to adult, recording the sequence of changes 
in patterns of overt behavior from the first muscular move- 
ments. These observations made on statistically adequate num- 
bers of specimens at each stage in the elaboration of the behavior 
pattern would establish for the species studied a norm or stand- 
ard of developmental stages from the simplest to the com- 
pleted action system of the adult. The records would include 
both spontaneous behavior and responses to various standardized 
methods of stimulation. The next step would be the preserva- 
tion of large numbers of specimens each of which was known by 
test to have reached a particular and definable stage of physio- 
logical development. Microscopic study of these specimens 
would; it was hoped, reveal a series of changes in bodily .struc- 
ture correlated with the physiological stages previously CvStab- 
lished. Finally when the physiological and the anatomical data 
are assembled and fitted together the bodily organs concerned 
with successive phases of the functional development arc re- 
vealed. With each increment of the developing complexity of 
the behavior pattern some specific activity is seen in sharp 
relief for which a corresponding change in bodily structure 
would be sought. 

This program obviously would be exceedingly laborious and 
exacting and it should be carried on cooperatively by a team of 
qualified investigators ; nevertheless Coghill resolved to attempt 
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it single-handed. To this resolve he steadfastly adhered for the 
remainder of his life, with industry, insight and productiveness 
rarely equalled. The results have justified the labor and sacri- 
fices — and these were very large. The obstacles encountered 
would have been insuperable to a man of less intensity of pur- 
pose and indomitable persistence. During the years 1902 to 
1913 he held appointments in small colleges with a heavy teach- 
ing schedule and no assistance of any kind. The tedious physi- 
ological experiments and the preparation of enormous numbers 
of serial sections had to be done with his own hands after long 
days of fatiguing duty. 

As objects of study he selected the salamanders, whose eggs 
are abundant, easily reared and observed, and tolerant of a wide 
variety of experimental procedures. Among these Amblystoma 
was an especially fortunate choice, for during the span of forty 
years of his labor this has proved to be the most serviceable 
type for a wide range of experimental researches at the hands 
of numberless other investigators. The common frog has been 
the handmaid of physiology for centuries, beginning even before 
that memorable day when Galvani hung some frogs’ legs on 
an iron railing with brass hooks and saw them twitch from the 
electrolytic currents generated; and Coghill’s first observations 
were upon anuran tadpoles. He promptly transferred his at- 
tention to the salamanders, which since that time have displaced 
the frogs from their preeminence in the field of experimental 
embryology. Here he broke new ground in both objective 
and methods of work. 

With Dr. Coghill the total behavior of the animal was under 
observation and knowledge of the anatomical structure of the 
body as a whole was essential for its interpretation. In this 
connection the subject chosen for his doctor’s dissertation is 
significant — “The Cranial Nerves of Amblystoma tigrinum.” 
In this, his first major scientific contribution, he gained the 
necessary familiarity with the structure of the animal whose 
development he later studied.’- This paper is not descriptive 
anatomy of the traditional sort, but each peripheral nerve is 
analyzed microscopically into its components as functionally de- 
fined and in his subsequent studies the development of each 


255 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — ^VOL. XXII 


of these components is separately described. This dissertation 
laid a secure foundation for all subsequent work. His program 
included, in addition to study of the differentiation of the 
nervous system in correlation with the sequence of develop- 
ment of behavior patterns, also parallel descriptions of the de- 
velopment of blood vessels, organs of digestion, excretion, etc. 
Some of the latter studies were begun in collaboration with his 
students, but not carried to completion. In view of the great 
amount of research which has been done on Ambly stoma, these 
studies should be continued, and this would seem to be the next 
step toward the realization of Dr. Coghill’s ideal. 

Doctor Coghiirs first teaching positions were in Oregon, 
where Amblystoma was not readily available. It would have 
been possible to secure the eggs from the east, for they survive 
shipment very well. This was not tried, and fortunately so, 
for later experience taught him that, though Amblystoma eggs 
grow apparently normally after long shipment, their subse- 
quent behavior is atypical. The first physiological observa- 
tions were made upon Triturus (Triton, Diemyctylus) torosus 
and these were later repeated with Amblystoma. The findings 
were similar, and this is explained by the fact, recently demon- 
strated by Dr, G. P. DuShane, that the pattern of development 
of Triturus closely resembles that of Amblystoma. The cranial 
nerves of Triturus were described by Dr. Coghill at this time 
(1906) from specimens of T. tseniatus which were given to 
him by Dr. Th. Boveri, with whom he studied in Wiirzburg 
in 1902. 

It was not then known whether the earliest movements of 
these embryos were haphazard and disorderly or performed 
according to some observable system. This question was soon 
answered and an orderly sequence of reactions to stimulation 
and of spontaneous movements was described in the paper 
of 1909, 

The preliminary experiments showed that the most useful 
criteria for staging the developing embryos physiologically were 
their reactions to tactile stimulation. A fine human hair was 
brushed lightly over the skin and reactions recorded. He early 
noted that ‘'the extreme sensitiveness of some very young 
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embryos is remarkable’’ and took special precautions to dis- 
tinguish between “reflex,” i. e., neuromuscular responses, and 
myogenic movements called forth by direct pressure upon the 
reacting muscles. The neglect of these precautions by some 
subsequent students of embryonic behavior has resulted in much 
confusion. In these amphibian embryos the distinction between 
neurogenic and myogenic responses is sharp and clear at the 
hands of a careful and experienced observer. 

In the course of further experimentation the spontaneous 
movements of these embryos were carefully observed and their 
sensitivity to electrical, chemical, visual and other stimuli was 
explored. In the staging of the younger specimens responses 
to light tactile stimulation of the skin continued to be the chief 
reliance. At more advanced ages a large variety of other 
criteria were employed as the patterns of behavior changed. 

In the paper of 1909 the sequence of changes in response 
to light tactile stimulation was recorded, but the growing em- 
bryos were not grouped in named or numbered physiological 
stages. In later reports, after the observations had been re- 
peated with Amblystoma and amplified, the following physi- 
ological stages were defined : ( i ) premotile, including all early 
stages which exhibit no movement of somatic muscles; (2) 
nonmotile, with only myogenic movements executed spontane- 
ously or resulting from direct stimulation of the muscles; (3) 
early flexure, characterized by the first neuromuscular re- 
sponses ; (4) coil, when the embryos execute spontaneously or 
in response to stimulation spasmodic unilateral contractions 
resulting in a tight coil; (5) S-reaction; (6) early swimming. 
These stages are demonstrable in the embryos and are clearly 
defined. The staging of larvae after hatching from the eggs 
presents more serious difficulties and these problems are even 
now still under investigation. 

During this period Dr. R, G. Harrison had been engaged upon 
a morphological staging. A series of specimens of Amblystoma 
from the unsegmented egg to the first feeding reactions was 
separated into 46 stages, representatives of which were care- 
fully drawn. Though these pictures have not been published, 
photographs of them have been supplied to other workers in 
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this field and frequent references to Harrison’s stages are in 
the literature. In 1933 Dempster published ob- 

servations on the growth of Amblystoma in early stages, and 
from 1937 to 1941 the present writer issued a series of papers 
describing the internal differentiation of the brain from the 
coil stage to the adult, with a provisional correlation of Cog- 
hill’s and Harrison’s stages. Currently Doctors DuShane and 
Hutchinson are engaged upon a more critical study pf the 
growth of Amblystoma under rigidly controlled conditions 
which it is hoped will clarify a confused situation. 

From all of these studies it is clear that the growth and 
differentiation of Amblystoma under natural environmental con- 
ditions cannot be reduced to any single series of formulae. 
Coghill’s physiological series does not run exactly parallel with 
Harrison’s morphological series, and in the differentiation of 
internal structures the various organs do not keep step with 
one another or with the development of external form. In view 
of these rather wide deviations from any single standard or 
norm of development and the number of unknown variables, 
the only practicable procedure has been to select some particular 
criterion of structure or function and stage the specimens under 
investigation with reference to it. Thus Coghill writes, ‘'after 
locomotion by swimming is established, the development of 
behavior in Amblystoma may be regarded as following two 
courses towards different goals: the one leading to the capture 
of prey and swallowing it ; the other to terrestrial locomotion 
by walking.” These two courses do not necessarily run parallel, 
but may vary independently, and Coghill’s later studies were 
devoted to the development of the limbs as orgaiivS of locomo- 
tion and, specifically to the relation of these “partial patterns” 
of movement to the “total pattern.” 

The stages from swimming to feeding were grouped as early 
swimmers, strong swimmers, late swimmers and, preceding the 
first feeding reactions, short periods of active avoiding and non- 
responsiveness. Movements of the limbs begin shortly before 
the time of the first feeding reactions, and the sequence of this 
development was outlined to me in a letter of May 26, 1926: 

“Following swimming, events come in the following order: 
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gill movement coordinated with trunk movement, discrete gill 
movement (along with fore limb movement), fore limb move- 
ment coordinated with trunk movement, discrete arm movement, 
elbow flexion coordinated with arm movement, discrete forearm 
movement, hand movement integrated with arm movement, 
hind leg movement integrated with trunk movement, knee 
flexion integrated with leg movement, discrete knee flexion, 
toe movement integrated with leg movement/' 

From this he concludes (in a statement published ten years 
later — J. Genetic Psychol., vol. 48, p. 6) : 

‘‘Terrestrial locomotion, like the aquatic, is also a total action 
pattern in Amblystoma. ... In the beginning of the walking 
gait, therefore, the limbs function wholly as integral parts of 
a total pattern of action without any intervention of local re- 
flexes. Local reflexes of the limbs appear later, as the limbs 
become a factor in orientation of the animal with reference to 
a surface.'' 

Doctor Coghill's conception of the “total pattern" has been 
frequently misunderstood, even by his own disciples and sym- 
pathetic critics, with resulting confusion. If authors use the 
same word with different meanings, controversy is almost in- 
evitable regarding both factual description and interpretation. 
In his earlier papers this expression was used in a restricted 
sense which was not clearly defined. His later references in- 
dicate a broader connotation, but unfortunately the relations 
between the larger total pattern and the subordinate patterns 
are not explained in sufficient detail and misunderstanding has 
resulted. The apparent ambiguity disappears when the earlier 
condensed statements are read in the light of the subsequent 
discussions of the apparatus of integration. 

As already pointed out, the mature organism is regarded as 
an hierarchy of local units, each with some measure of autonomy 
and all bound together as an integrated whole. During the 
maturation of the neuromotor apparatus these local units are 
so interconnected that the finst overt movements to appear are 
orderly sequences of behavior, not haphazard nor convulsive 
action. In subsequent stages, with increase in the complexity 
of the local apparatus, these “partial patterns" remain through- 
out life under the control of the “total pattern" of tl^g organ- 
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ismic whole. The apparatus of integration takes various forms 
— ^nervous and non-nervous — but in the normal animal the 
dominance of the total pattern is never lost. Thus Coghill wrote 
in 1940, “‘Pattern’ connotes organization, and ‘total pattern’ 
expresses the organization of the whole individual for pur- 
poses of behavior.’’ 

In a study of the embryogenesis of animal behavior these 
two factors must always be kept in view, for they are indis- 
sociable — the presence of local and more or less autonomous 
organs and the dominance of the organism-as-a-whole over 
all of them. These factors are sometimes antagonistic, but they 
are not mutually exclusive. Without this dominance orderly 
development would be impossible and without some measure 
of local autonomy differentiation cannot go on. The problems 
of organogenesis and total integration go hand in hand. 

In the development of Amblystoma this relationship appears 
with unusual clarity. According to widely current theory the 
complicated action system of the adult is built up by combining 
simple reflex units into progressively more and more complex 
systems. But when Dr. Coghill watched the development of 
salamanders and followed the successive steps in the elaboration 
of the action system of the skeletal musculature, he found no 
simple local reflexes. On the other hand, the first neuro- 
muscular responses to appear were contractions of large masses 
of the muscle of the trunk, the mass increasing as the nervous 
and muscular organs matured, until in response to a single 
stimulus practically all of the trunk musculature was involved 
in an efficient swimming movement. This is a total pattern 
of behavior resulting in aquatic locomotion. 

At this “early swimming stage’’ there are no limbs and all 
visible somatic movements are at first of total pattern type. 
As limbs develop and their movements are individuated, these 
movements emerge within the total pattern and as parts of it. 
Movements of the limb as a whole and of the separate part.s 
of it are progressively emancipated from immediate partici- 
pation in total movement and the aquatic type of locomotion 
is transformed into the terrestrial type, with separate action of 
the limbs and their members. In Amblystoma this emancipa- 
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tion of the partial patterns of the limbs is never complete and 
adult walking normally involves some total bodily movement 
of the swimming type. Even in birds and mammals, where 
limb movements may be executed quite independently of any 
visible overt movement of the trunk musculature, it remains 
true that the local activities of the limbs are to some extent 
subordinate to and under the control of the total pattern of the 
organization, for flying and walking are usually directed some 
whither and this direction does not reside in the members which 
execute the movements. 

The preceding description applies to Amblystoma and only to 
the development of somatic movements of the trunk and limbs. 
For these it seems to be well validated; but it does not follow 
that the same sequence of events will appear in the development 
of other systems in Amblystoma, say of eye movements or 
visceral movements, or of limb movements in all other animals. 
The last point was investigated incompletely by Dr. Coghill 
in some fishes, reptiles and mammals. These studies were 
unfinished and the details are unpublished, but they convinced 
him that fin movements in killifish and toadfish and limb move- 
ments in reptiles and opossums in early stages of development 
are integrated with trunk movements much as in Amblystoma. 

In these facts Dr. Coghill found no support for the current 
doctrine that complex behavior patterns are synthesized by ac- 
cretion of discrete reflexes. Quite the contrary, the integration 
is primary and the analytic functions are secondarily developed 
within the total pattern. These partial patterns, in turn, may 
subsequently be synthesized into an indeterminate type of be- 
havior of infinite variety, again under the influence of higher 
“supra-sensory and supra-associational centers” of integration 
(Proc. Nat. Acad. Sci,, vol. i6, 1930, p. 642). 

The evidence for this conclusion was presented, for Ambly- 
stoma, in detail up to maturation of the swimming movement, 
together with an account of the correlated development of the 
anatomical structures involved. The history of the individua- 
tion of limb movements is quite different and study of the struc- 
tural changes involved was in process at the time of his death. 
Had he been permitted to carry these studies to conclusion, it 
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is probable that his formulation of the relations between partial 
patterns and total patterns would have been amplified in form 
different from the concise and over-simplified statements in the 
earlier papers. 

At the beginning he was confronted with the necessity of clear- 
ing the ground of some misconceptions in current doctrines of 
reflexology. He found in early stages no discrete local reflexes 
and no isolated reflex arcs. The present writer, who has devoted 
considerable attention to the histological structure of the brains 
of these salamanders, reports that even in the adult animal 
there is no such thing as a discrete reflex arc anywhere. The 
apparatus of the action system is not built of such units, but 
the structural specifications are according to a different plan 
in which the apparatus of integration is paramount and local 
individuation is at a minimum as compared with more highly 
differentiated brains. 

Doctor Coghill, accordingly, emphasized the point at issue — 
the primacy of the integrative functions and total patterns — 
which comes out more clearly perhaps in his material than in 
any other vertebrate species which might have been chosen. In 
generalizing this conclusion in the broad biological terms laid 
down here he is on safe ground ; but it is not safe in any partic- 
ular instance to anticipate that the process of individuation of 
any organ will follow the same lines in detail. He was not un- 
mindful of this point and it is unfortunate that he did not give 
it more explicit emphasis in his published writings. . 

During the developmental process, up to and including the 
adult, the partial patterns are initiated, differentiated and o])er- 
ated within the total organismic pattern and influenced by it. 
This influence may be manifest in overt l^chavior, as in the entire 
history of limb development of AmblywStoma, or the process of 
emancipation may be accelerated in the central nervous adjustor 
so that the first overt movement o-E the limb is a local reflex.- 
In both cases the limb mechanism is never entirely free from 
some measure of subordination to the total organismic ])attcrn. 

Now to recur to the question of definitions. IE one defines the 
concept of total pattern broadly in organismic terms, as C^oghill 
evidently did, it is probable that few competent biologists or 
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psychologists would controvert the thesis that the whole is greater 
than the parts and that in the living body the parts are under 
some measure of control by the organism-as-a-whole, i.e., that 
all partial patterns are subordinate to the total pattern. This 
total pattern is a complex hierarchy of local centers of dominance 
over subordinate parts with varying grades of autonomous ac- 
tivity. In any experimental program some particular component 
of this complex is selected for intensive study out of its total 
context, such as, for instance, aquatic or terrestrial locomotion. 
“Total” and “partial” are here relative terms to be interpreted 
in the light of the context in which they are used. In the context 
before us they are restricted to visible overt movement of skele- 
tal musculature. 

This is explicitly so stated in the manuscript of an un- 
published lecture delivered at the University of Minnesota in 
April of 1930, where he wrote, “There is nothing immaterial in 
mind when I use the term pattern. I try to use it consistently 
to designate configuration or form of action or inhibition. When 
all overtly mobile parts of the animal appear to be in action I 
call the performance a total action pattern. When only a part 
of the overtly mobile animal is in action I call the performance 
a partial action pattern.” In the monograph of 1940 Dr. Cog- 
hill says, “the whole individual probably acts in every response, 
either in an excitatory or inhibitory way. Therefore, while 
overtly the individuated part acts apparently independently of 
the total pattern, the latter participates in its performance by 
inhibition.” 

In this restricted sense there are instances, like the limbs of 
Amblystoma, where the partial pattern is at first tightly bound 
to the total pattern and in later stages progressively emanci- 
pated from these bonds. These instances were critically studied 
and described in detail by Dr. Coghill because they supply 
easily demonstrable factual data in support of his main thesis 
that the living body is not an assemblage of particulars built 
up by accretion, but an integrated unity from beginning to end. 
The patterns here demonstrable are not unique, but are found 
to recur with more or less variation in many other situations. 
These ])attcrns, accordingly were regarded as typical illustrations 
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of his larger conception. He would not have claimed that the 
development of all partial patterns must conform with the 
paradigm here laid out, though his own program had not ad- 
vanced far in the exploration of other types of development.'* 

Most of the factual material published after his appointment 
in the department of anatomy at the University of Kansas is 
included in the twelve parts of his “Correlated anatomical and 
physiological studies of the growth of the nervous system of 
Amphibia’’ published from 1914 to 1936. These papers are 
models of close, accurately controlled observation and clear de- 
scription, but they are not easily read, for the technical details 
are recondite and intricate. Skillful analysis marshals the evi- 
dence in intelligible and convincing form. The present writer 
has verified many of the observations upon the younger stages, 
using the original preparations, and he has confirmed and ex- 
tended the descriptions of more advanced stages upon other 
material prepared by different methods. Other collaborators 
make similar reports. The accuracy of Coghill’s descriptions 
is amply validated. 

These papers cannot be summarized here, nor is this neces- 
sary, for their author has reviewed their salient features and 
has interpreted them more clearly and graphically than any 
commentator could hope to do. These studies, he says, “were 
undertaken with a view to correlating specific structure, in par- 
ticular animals, with known physiological characteristics of 
those animals,” and the measure of his success in this difficult 
enterprise exceeds that of any of his predecessors or successors. 

The topics treated include an analysis of the afferent systems, 
central and peripheral, at successive stages of physicdogical de- 
velopment, a similar analysis of the efferent systems, and 
detailed accounts of the development of the apparatus of corre- 
lation and integration. Paper 10 of the series (1931) discusses 
some corollaries of the study of early development to the swim- 
ming stage. Papers ii (1933) and 12 (1936) begin a new 
series of studies on the differentiation of the limbs and the rela- 
tion of their local functions to the total pattern of behavior. 
It is hoped that these unfinished studies may be continued by 
some of his younger colleagues who collaborated in this program. 
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The ten papers of the first series deal with the development 
of the embryo up to the stage when locomotion by swimming 
is acquired. “During this period/’ he says, “the behavior pat- 
tern is an integrated unit, and the structural development of 
the nervous system is such as to maintain this integrity through 
the growth of functional neurons.” Another important find- 
ing is the demonstration of the precocious differentiation of the 
motor systems and the early maturation of these and also of 
the sensory and correlating apparatus by intrinsic agencies in 
advance of any peripheral influence. 

, Clear and concise summaries of the observations recorded 
in the twelve “studies” are available in several of the published 
lectures, together with interpretations and applications to spe- 
cific biological and psychological problems. The titles of these 
brief papers as listed in the accompanying bibliography reveal 
the scope of* his interests and their content expresses profound 
and incisive thinking. Special mention should be made of two 
of these publications: (i) the lectures delivered in London on 
“Anatomy and the Problem of Behaviour” (Cambridge Uni- 
versity Press, 1929), and (2) the presidential address before 
the American Association of Anatomists on “The Neuro-em- 
bryologic Study of Behavior: Principles, Perspective and Aim” 
(Science, vol. 78, 1933). 

The psychological significance of the facts brought to light in 
this series of studies on embryogenesis had not been systemati- 
cally formulated before Dr. Coghill’s untimely death, though 
fragmentary suggestions are scattered through his later papers 
and lectures. Typical of these is the concluding passage of 
paper 10 of the “Studies.” 

“My object in this discussion is to show that 

spontaneity of nervous action, in the sense that it has been 
presented above, is projected into the life of the individual 
through an indeterminate period, and that, therefore, sensori- 
motor response should not be regarded as constituting the whole 
function of the, nervous system. Overt behavior actually occurs 
in some species as an expression of the intrinsic dynamics of 
the organism as a whole, and, in so far as the correlation of 
nervous structure and function in the development of the indi- 
vidual has been carried, structural provision has been found 
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for the perpetuation of spontaneity, autonomy, or initiative as 
a factor in its behavior. Any theory of motivation, therefore, 
that attributes this function wholly to the environment (Tro- 
land, ’28) is grossly inadequate.’’ 

In this passage there is adumbrated a psychological principle 
to which he devoted much thought in his later years. Several 
years earlier (July 27, 1926), in reply to some comments upon 
the sixth paper of his “Studies,” he wrote to me : 

''In my opinion the most important thing in it is the demon- 
stration of the wonderful capacity for growth that is retained 
by the nerve cell after it has become functional as a conductor. 
I am sure of the soundness of the observation histologically and 
see it amply corroborated in the development of movements in 
the limbs I don’t believe there is any break what- 

ever between embryonic and adult performances, and that so 
long as adaptation to new conditions is possible functional nerve 
cells are growing somewhere in the nervous system in the same 
way that I see them growing in the ventral nerve “roots.” 

This implies, as he later expressed it, that “learning is essen- 
tially growth, and mental hygiene is grounded in the growth 
of the nervous system.” The spontaneous movements of the 
youngest motile embryos are internally activated and the pattern 
of their expression is determined by an intrinsic organization 
which is not dependent upon any sensori-motor excitation. 
“The organism,” he says, “first acts on the environment and only 
later reacts to the environment.” “The sensori-motor response, 
designated as the S R by psychologists, is a secondary form of 
behavior. Its primary function is orientation of the animal so 
that the action will be directed toward the appropriate end. But 
the sensory component of the system soon acquires the further 
role of activating and conditioning behavior.” Thus we see that 
the later stages of intrinsic growth are modifiable by sensori- 
motor experience, but the internally generated spontaneity is 
not thereby reduced; on the other hand, it is amplified as the 
central adjustors increase in complexity of organization and 
integrative efficiency. 

“The individual, certainly in the early stages, has much more 
nervous organization than can express itself in immediate be- 
havior ; and the higher the species in the animal scale, the larger 
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is this supra-sensory and supra-associational component o£ the 
nervous system’’ (Conference on Adolescence, Cleveland, 1930). 
These remarks remind one of Wm. James’ writings on “The 
Energies of jMen,” and it is a pit}' that they were never ampli- 
fied in print by Dr. Coghill. 

If space permitted many similarly pregnant passages might be 
cited in justification of the words spoken by Dr. R. G. Harrison 
on the occasion of the award of the Elliot Medal of the National 
x-\cademy of Sciences to Dr. Coghill on April 24, 1934: 

“Dr. Coghill’s pioneer work has won for him a place of 

high distinction Progressive changes in reaction 

have been followed by Dr. Coghill step by step in individual 
embryos, and at each stage cases taken immediately after their 
reactions had been tested were preserved and studied micro- 
scopically. In this way the actual state of differentiation of the 
nervous system in each individual has been correlated with its 
iDehavior 

“Associated with differentiation, but in a certain sense antago- 
nistic to it, is the process of growth, the study of which has 
required the counting of thousands of cells and charting their 
positions in the spinal cord and brain at various stages of de- 
velopment. This has involved an immense amount of pains- 
taking work which would all have been to little purpose had 
the task not been approached by a man of broad knowledge and 
subtle insight. From all this has developed a new conception 
of the origin of nervous function. At no time does the nervous 
system work as a collection of independent reflexes, which later 
become integrated. On the contrary, at each stage it functions 
as a whole, expanding from stage to stage, and as development 
proceeds, various partial functions arise within it as more or 
less discrete reflexes. These investigations of Dr. Coghill will 
have a lasting influence in psychology and physiology as well 
as in embryology.” 

This summary may be further condensed into a few words 
taken from a letter written by Dr. Coghill on Feb. 8, 1930: 

“For my own thinking the two important results of all my 
juggling with Amblysitoma are the reality of a total-pattern 
mechanism, and a scientific basis for the conception of spon- 
taneity, autonomy or initiative of the individual in behavior. In 
these two principles I get a different conception of motivation 
than I get from any other source,” 
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NOTES 

In the preparation of this memoir free use has been made of apprecia- 
tions published in Science, Aug. 29, 1941, Journal of Comparative Neu- 
rology, Oct. 15, 1941, and Anatomical Record, Feb. 25, 1942, and May 
25 , 1942. 

The aim here is to present a concise summary of Dr. Coghill’s scientific 
contributions, with some commentary. The more intimate details of a 
personal biography and intimations of the philosophic motivation of his 
work, with extracts from his published and manuscript papers, are reserved 
and may be published elsewhere. 

^In the published thesis (Journal of Comparative Neurology, vol. 12, 
1902) the ages of the specimens described are not recorded, but Dr. Coghill 
later informed me personally that the descriptions are based on serial 
sections of adults after metamorphosis and advanced larvae from 8 to 13 cm. 
long. The figures are from a larva 12 cm. long. 

® Compare Donald H. Barron’s statement: ^The later in ontogeny a 
sensory nerve makes functional connexions with the central nervous 
system, the more restricted the motor response it elicits when stimulated 
may be expected to be.” — The functional development of some mammalian 
neuromuscular mechanisms, Biological Reviews, vol. 16, 1941, pp. 1-31. 

® See Dr. Coghill's discussion of Tracy’s work in his presidential address, 
Science, 1933. Barron’s comprehensive review (1941) already cited is of 
interest in this connection. 


BIBLIOGRAPHY 

KEY TO ABBREVIATIONS 

Am. J. Psychol. — American Journal of Psychology 
Anat. Rec. — Anatomical Record 

Arch. Neurol, and Psychiat. — ^Archives of Neurology and Psychiatry 
J. Comp. Neur, — ^Journal of Comparative Neurology 
J. General Psychol. — Journal of General Psychology 
J. Genetic Psychol. — ^Journal of Genetic Psychology 
Ohio J. Sci. — Ohio Journal of Science 

Proc. Am. Philos. Soc. — Proceedings, American Philosophical Society 
Proc. Nat Acad. Sci. — Proceedings, National Academy of Sciences 
Proc. Soc. Exper. Biol, and Med. — Proceedings, Society for Experimental 
Biology and Medicine 

Psychiat. en Neurol. Bladen — Psychiatrische en Neurologische Bladen 
Psychol. Rev. — Psychological Review 

Trans. Am. Neurol. Assoc. — Transactions, American Neurological Asso- 
ciation 

x8g8 

The somatic equilibrium and the nerve endings in the skin. (With C L, 
Herrick) . J. Comp. Neur., vol. 8, pp. 32-56. , 


268 



GEORGE ELLETT COGHILL — HERRICK 


1899 

Nerve termini in the skin of the common frog. J. Comp. Neur., vol. 9, 
PP- 53-63. 

1901 

The rami of the fifth nerve in Amphibia. J. Comp. Neur., vol. ii, pp. 
48-60. 

1902 

The cranial nerves of Amblystoma tigrinum. J. Comp. Neur., vol. 12, 
pp. 205-289. 

The branchial nerves of Amblystoma. (Abstract.) Science, vol. 15, p. 576. 
Kingsley on the cranial nerves of Amphiuma. (A review with critical 
comments.) J. Comp. Neur., vol. 12, pp. xxiv-xxvi. 

1904 

Recent studies on the finer structure of the nerve cell. (Critical digest.) 
J. Comp. Neur , vol. 14, pp. 171-202. 

1906 

The cranial nerves of Triton taeniatus. J. Comp. Neur., vol. 16, pp. 
247-264. 

1908 

The development of the swimming movement in amphibian embryos. (Ab- 
stract.) Anat. Rec,, vol. 2, p. 148. 

The reaction of amphibian embryos to tactile stimuli. (Abstract.) Science, 
vol. 27, pp. 911-912. 

jpop 

The reaction to tactile stimuli and the development of the swimming 
movement in embryos of Diemyctylus torosus Eschscholtz. J. Comp. 
Neur., vol. 19, pp. 83-105. 

ms 

The primary ventral roots and somatic motor column of Amblystoma. 
J. Comp. Neur., vol. 23, pp. 121-143. 

The correlation of structural development and function in the growth of 
the vertebrate nervous system. Science, vol. 37, pp. 722-723. 

Correlated anatomical and physiological studies of the growth of the 
nervous system of Amphibia. Parts I to XII : 

1914. 1 . The afferent system of the trunk of Amblystoma. J. Comp. 
Neur., vol. 24, pp. 161-233. 

1916. II. The afferent system of the head of Amblystoma. J. Comp. 
Neur., vol. 26, pp. 247-340. 

1924. III. The floor plate of Amblystoma. J, Comp. Neur., vol. 37, 
PP- 37-69. 


269 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — ^\^OL. XXIl 


1924. IV. Rates of proliferation and differentiation in the central 
nervous system of Amblystoma. J. Comp. Neur., vol. 37, pp. 71-120. 
1926. V. The growth of the pattern of the motor mechanism of 
Amblystoma punctatum. J. Comp. Neur., vol. 40, pp. 47-94- 
1926. VI. The mechanism of integration in Amblystoma punctatum. 

J. Comp. Neur., vol. 41, pp. 9S-152. 

1926. VIL The growth of the pattern of the association mechanism 
of the rhombencephalon and spinal cord of Amblystoma punctatum. 
J. Comp. Neur., vol. 42, pp. 1-16. 

1928. VIIL The development of the pattern of differentiation in the 
cerebrum of Amblystoma punctatum. J. Comp. Neur., vol. 45, pp- 

227-247. 

1930. IX. The mechanism of association of Amblystoma punctatum. 

J. Comp. Neur., vol. 51, pp. 31 1-375- 
1931 X. Corollaries of the anatomical and physiological study of 
Amblystoma from the age of earliest movement to swimming. 
J. Comp. Neur., vol. 53, pp. 147-168. 

1933. XI. The proliferation of cells in the spinal cord as a factor in 
the individuation of reflexes of the hind leg of Amblystoma puncta- 
tum Cope. J. Comp Neur., vol. 57, pp. 327-358. 

1936. XII. Quantitative relations of the spinal cord and ganglia corre- 
lated with the development of reflexes of the leg in Amblystoma 
punctatum Cope. J. Comp. Neur., vol. 64, pp. 135-167. 

ms 

The development of reflex mechanisms in Amblystoma. (With C. Judson 
Herrick.) J. Comp. Neur,, vol 25, pp. 65-85, (Abstract in Anat. Rec., 
vol. 9, pp. 81-83). 

Preliminary studies on intracellular digestion and assimilation in am- 
phibian embryos. Science, vol. 42, pp. 347-350. 

Salient features of the medulla oblongata of Amblystoma embryos of 
definite physiological stages in development. (Abstract.) Anal. Rec., 
vol. 9, pp. 68-69. 

1920 

The nervous nature of the floor plate in the neural tube of Amblystoma. 
(Abstract.) Anat. Rec., vol. 18, pp. 228-229. 

1921 

Proliferation and differentiation in the central nervous system of Am- 
blystoma. (Abstract.) Anat. Rec., vol. 20, pp. 193-194. 

ms 

The growth of neuroblasts in relation to physiological gradients and 
differential rates of metabolism. (Abstract.) Anat. Rcc., vol. 25, p. 124. 

1924 

Individual differences in proliferation of cells in the brain of Amblystoma. 
(With E. Stevenson.) Anat. Rec., vol. 27, pp. 165-174. 


270 



GEORGE ELLETT COGHILL — HERRICK 


The development of the vascular system and pronephros as correlated 
with the nervous system and the behavior pattern in Amblystoma. (Ab- 
stract ) Anat. Rec., vol. 27, p. 200. 

The vascular system in relation to neuromuscular functions in the early 
development of x\mblystoma. (With Julia Moore.) Anat Rec., vol. 28, 

pp. 131-148* 

The development of the pronephros in relation to the behavior pattern in 
Amblystoma. (With Fred L. Soper.) Anat. Rec., vol. 30, pp. 321-325. 
Proliferation, differentiation, and orientation of cells as distinctive factors 
in the early development of the nervous system of Amblystoma. (Ab- 
stract.) Anat. Rec., vol. 31, p. 300. 

The capacity of function and of growth of the motor neurones of Am- 
blystoma. (Abstract.) Anat. Rec., vol. 32, p. 204. 

The growth of functional neurones and its relation to the development of 
behavior. Proc. Am. Philos. Soc., vol. 65, pp. 51-55. 

1928 

Localized centers of differentiation and polarity of nerve cells in the 
brain of Amblystoma punctatum. (Abstract) Anat. Rec., vol. 38, p. 41. 
The development of terrestrial locomotion in Amblystoma. (Abstract) 
Anal. Rec., vol. 38, pp. 41-42. 

Jp2p 

Anatomy and the problem of behaviour. Cambridge Univ. Press. 113 pp., 
52 figs. 

The development of movement of the hind leg of Amblystoma. Proc. 

Soc. Exper. Biol, and Med., vol 27, pp. 74-75. 

The early development of behavior in Amblystoma and in man. Arch. 
Neurol, and Psychiat., vol. 21, pp. 989-1009. ^ 

mo 

The structural basis of the integration of behavior. Proc. Nat. Acad. Sci., 
vol. 16, pp. 637-643. 

The genetic interrelation of instinctive behavior and reflexes. Psychol. 
Rev., vol. 37, pp. 264-266. 

Individuation versus integration in the development of behavior. J. Gen- 
eral Psychol., vol. 3, pp. 431-435* 

Delayed reproduction in Amblystoma punctatum. (With M. T. Caldwell.) 

Proc. Soc. Exper. Biol, and Med., vol. 28, pp. 21-22. 

The development of half centers in relation to the question of antagonism 
in reflexes. J. General Psychol., vol. 4, pp. 335''337* 

Anatomical growth of the nervous system in relation to behavior. Proc. 
Conference on Adolescence, Cleveland, Ohio, pp. 106-110. Published by 


271 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — ^VOL. XXII 


Brush Foundation and Western Reserve University under the title: 
Physical and mental adolescent growth. 

1933 

The neuro-embryologic study of behavior : principles, perspective and aim. 
Science, vol. 78, pp. 131-138. 

The biologic basis of conflict in behavior. Psychoanalytic Rev., vol. 20, 
pp. 1-4. Published also in Trans. Am. Neurol. Assoc., s8th meeting, 
pp. 629-632. 

Somatic myogenic action in embryos of Fundulus heteroclitus. Proc. Soc. 
Exper. Biol, and Med., vol. 31, pp. 62-64. 

Growth of a localized functional center in a relatively equipotential 
nervous organ. Arch. Neurol, and Psychiat., vol. 30, pp. 1086-1091. 

The growth of the nervous system and its relation to integration and 
motivation of behavior. Soviet. Psikhonevrol., vol. 9, no. 6, pp. 5-15. 
(Translation of Russian title. The text is in Russian.) 

m4 

The probable inhibitory function of Mauthner's fiber in Amblystoma 
punctatum. (Abstract.) Anat. Rec., vol. 58, suppl., pp. 

New anatomical relations and the probable function of Mauthner^s fibers. 
Psychiat. en Neurol. Bladen, Jaargang, pp. 386-391. 

ms 

The development of the sensory system in relation to the local sign. 
(With A, W, Angulo y Gonzales.) Proc. Assoc, for Research in Nerv- 
ous and Mental Disease, vol. 1$, pp. 265-273. 

1936 

Integration and motivation of behavior as problems of growth. J. Genetic 
Psychol., vol. 48, pp. 3-19. (This is a revision of the original English 
text of the Russian paper of 1933.) 

Effects of diilling on structure and behavior of embryos of Amblystoma 
punctatum Cope. Proc. Soc. Exper. Biol, and Med, vol. 35, i)p. 71-74. 

Review of Gesell’s Atlas of infant behavior. J. Genetic Psychol., vol. 48, 
pp. 254-258. 

m? 

Embryonic motility and sensitivity. (With W. K. Legner.) Translation 
of W. Preyer's “Specielle Physiologie des Embryo,” with Preface. 
Monographs of the Society for Research in Child Development, vol. 2, 
no. 6, serial no. 13, 115 pp. Pub, by National Research Council, Wash- 
ington, D. C. 

ms 

Space-time as a pattern of psycho-organismal mentation. Am. J. Psychol., 
vol. 51, pp. 759 - 763 ^ 

An instance of progressive individuation in visual functions. Science, 
vol. 88 , pp. 351-352. 


272 



GEORGE ELLETT COGHILL — HERRICK 


Early movements of the opossum with special reference to the walking 
gait. Proc. Soc. Exper. Biol, and Med., vol. 39, pp. 31-35* 

1939 

Studies on rearing the opossum (Didelphys virginiana). Ohio J. Sci., 
vol. 39, pp. 239-249, 

1940 

Early embryonic somatic movements in birds and in mammals other than 
man. Monographs of the Society for Research in Child Development, 
vol. 5, no. 2, serial no. 25, 48 pp. Pub. by National Research Council, 
Washington, D. C. 

Motion pictures of the behavior of young pouch opossums. (With D. S. 
Pankratz.) (Abstract.) Anat. Rec., vol. 76, suppl., no. 2, p. 84. 

1941 

Clarence Luther Herrick as teacher and friend. J. Comp. Neur., vol. 74, 
pp. 39-42. 

ms 

Periodicity in the development of the threshold of tactile stimulation in 
Amblystoma. (With R. W. Watkins.) J. Comp. Neur., vol. 78, no. 2, 
pp. 91-HI. 

ADDENDUM 

The following title appears in Doctor CoghilPs own manuscript bibli- 
ography, accompanied by a carbon copy: 

Flexion spasms and mass reflexes in relation to the ontogenetic develop- 
ment of behavior. Festschrift in honor of Prof. A. I. Heymanovich, 
U. S. S. R. 

This paper was prepared for publication in Russia in 1933 or 1934, but 
a reference has been unobtainable. The complete paper will appear shortly 
in the Journal of Comparative Neurology. 
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HEBER DOUST CURTIS 
1872-1942 

BY ROBERT G. AITKEN 

"'Call Dr. Curtis !” — It was gray dawn of a raw December 
morning on Mount Hamilton, thirty years ago, and our eldest 
son, home from the university for his Christmas vacation, had 
roused us, his face drawn and distorted by the agonizing pain 
in his right abdomen. A word to our physician in San Jose 
had brought the curt order, “Bring the boy down at once. 
There’s no time to lose. It’s probably acute appendicitis.” 

By the time the boy and I were ready for the trip, Dr. Curtis 
had his automobile at the door and we were off on the three 
and one-half hour trip over the half-frozen, adobe mud road 
to San Jose. Surgeon and operating room were ready, and 
as soon as was humanly possible a highly inflamed appendix, 
just ready to burst, had been safely removed, and a relieved 
boy was coming peacefully out from the influence of the 
anesthetic. 

Then Dr. Curtis, having first telephoned to the Lick Observa- 
tory to find out if he could do any town errands for anyone 
“at the top”, started cheerfully back on his long, lonesome drive 
to the mountain, happy in the thought that he had once again 
been able to be of service. 

I tell this story at the beginning of my sketch of the career 
of Dr. Curtis, to emphasize as strongly as possible the dominant 
trait of his character — his love for his fellow man, his eagerness 
to be of service. In our little semi-isolated community of thirty- 
five or forty adults we all stood ready to help each other in every 
respect, and I could have called on others who had automobiles 
and lived nearer to me, but in an emergency of any kind it was 
the natural thing to call first on Dr. Curtis. He was pre-emi- 
nently the Good Neighbor. 

Born in Muskegon, Michigan, on June 27, 1872, Heber 
Doust Curtis, the elder son of Blair Curtis and Sarah Eliza 
(Doust) Curtis, could trace his American ancestry on his 
father^s side through ten generations. A Union soldier, his 


275 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXII 


father had lost his left arm at Fredericksburg, and then, after 
taking his A.B. degree at the University of Michigan, had been 
successively, a school teacher, an editor and a United States 
Customs official. His mother was born in Maidstone, England, 
the daughter of a Methodist clergyman, but came to this coun- 
try as a child and was educated at Albion Female Seminary 
where she took special interest in English literature and music. 
She reared her two boys, Heber and Walter, rather strictly. 
Dancing, card playing, and the theatre were frowned on, and 
she kept the boys at home of evenings by reading aloud with 
them the best books she could obtain. Otherwise, they lived 
the normal life of boys of their social class both at Muskegon 
and at Detroit where they took up their residence when Heber 
was seven years old. 

He was a good student, finding no difficulty in maintaining 
a very high rank in his studies both in the grade schools and 
the Detroit High School. He had plenty, of time for outdoor 
sports and took special pleasure in football, which he continued 
to play even after he became a teacher. Like many another 
American boy, he also took a keen interest in machine tools 
and, in fact, built his own lathe before he could afford to buy a 
standard one. 

At the Detroit High School he took the straight classical 
course and displayed special aptitude for languages. He was 
'‘good’', too, in mathematics, but, strangely enough, manifested 
no interest in the natural sciences, simply taking the courses 
required of him. Graduating with high standing, he entered 
the University of Michigan in 1889 and completed the require- 
ments for the A.B. degree, with Phi Beta Kappa rank, in three 
years and took his A.M. degree in 1893. 

When he entered the university, Curtis had decided to be- 
come a teacher of the classical languages. He therefore took 
all the courses in Latin and Greek that were offered, and, in 
addition, two years of Hebrew, two of Sanskrit, and one of 
Assyrian. He also enjoyed his work in mathematics, but, as in 
high school days, showed little interest in the sciences, and, so 
far as is known, never even entered the observatory which has 
trained so many American astronomers, including Campbell 
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and Hussey whom he was to join at the Lick Observatory a few 
years later. 

Leaving the university, Curtis taught Latin at the Detroit 
High School for six months and then accepted a position as 
Professor of Latin and Greek at Napa College, a small Metho- 
dist institution in California. This proved to be a fateful 
decision, for here he found a small Clark refracting telescope, 
standing practically idle and on some impulse was moved to 
investigate it. 

That really marked the beginning of his astronomical career, 
for while he continued to teach Latin and Greek at Napa for 
two years, and for another year at San Jose when Napa College 
merged with the University (now College) of the Pacific, he 
was giving more and more time to the study of astronomy. At 
the University of the Pacific, as at Napa College, he found a 
small observatory equipped with a good Clark 6-inch refractor 
and a standard reversible Coast Survey transit instrument. 
At the end of his first year at San Jose the professorship of 
mathematics and astronomy at the little institution became 
vacant and Curtis applied for it and was appointed! 

This ^'switch", as he himself called it, from the classics to 
astronomy was one that probably could have happened only in 
a small college half a century ago. And it is probably the only 
case on record of a man giving up a career for which he had 
received full university training, and taking up another in 
which he had had no training at all except what he had acquired 
by his own reading and experience, and making the latter a 
brilliant success. Curtis, it is true, supplemented his own read- 
ing by spending the long summer vacation in 1898 at the Lick 
Observatory, but that was after he had accepted his new 
position. 

In 1900, he was offered a Vanderbilt Fellowship at the Uni- 
versity of Virginia and spent the next two years there, taking 
his Ph.I). degree in 1902, his thesis subject being “The Defin- 
itive Orbit of Comet 1898 I.” Again, I know of no other 
astronomer who received his Pl^. degree after no university 
training in his special field prior ro his two years of fellowship 
work. 
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The move to Virginia involved financial problems for the 
fellowship stipend was only $35® ^ and he had married 

Mary D. Raper of Ann Arbor in 1895 and now had a family 
of two small children. In other respects, however, it was a 
fortunate one and was made at a fortunate time, for it per- 
mitted him to join the Lick Observatory Eclipse Expedition to 
Thomaston, Georgia, in 1900 and the United States Naval 
Observatory Expedition to Solok, Sumatra in 1901, as volun- 
teer assistant. 

His ability and resourcefulness in helping to set up, test and 
use the eclipse apparatus made so strong an impression upon 
Dr. Campbell, who headed the Georgia expedition, that he 
promptly invited Curtis to come to the Lick Observatory as an 
assistant as soon as he had secured his degree. Curtis himself 
was so fascinated by the work that in later years he took every 
opportunity to attend eclipse expeditions and was, in fact, 
member or leader of eleven in all, before his death. He often 
lamented, in his last years, that illness by keeping him from 
observing the eclipse of 1937, had made it impossible to round 
the number out to an even dozen. 

In 1902 he took up residence on Mount Hamilton as assistant 
in the Lick Observatory and the next eighteen years were the 
most productive of his very active career. “Research work at 
Lick Observatory,” he wrote in later years, “was, and still is, 
a very wonderful thing and it looked like a new world to me.” 
His duty as assistant was to take part in the great program of 
the determination of the radial velocities of the brighter stars 
which Dr. Campbell had initiated a few years earlier and he set 
itbout it with such enthusiasm, mastering all details of spectro- 
scopic observation and measurement, that his work was soon 
on a level with that of the best observers. 

But he did not limit himself to radial velocity work. His 
eager, active mind led him to examine all the instruments at the 
observatory, to make suggestions for improvements in some of 
them and to compute orbits of comets and of spectroscopic 
binary stars. In 1905, he went to Cartwright, Labrador, with 
the unsuccessful expedition tff observe the eclipse of the sun. 

In 1906, he was asked to go to Santiago, Chile, to take charge 
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of the station established there a few years earlier for the 
purpose of extending to the south pole of the heavens Dr. 
CampbeH’s program of measuring the radial velocities of the 
brighter stars. This was an assignment that suited Curtis in 
every respect for it added zest to his astronomical work, and 
gave him an opportunity to master the Spanish language and 
to familiarize himself with the manners and customs of the 
Chilean people. He threw himself into his new work with his 
accustomed ardor, secured an excellent set of photographs of 
Morehouse’s remarkable Comet of 1908 and made a notable 
addition to the great radial velocity observing program by the 
number of plates secured, the discovery of additional spectro- 
scopic binary stars and the computation of orbits, and found 
time for making improvements in the mounting of the great 
reflector. 

Dr. Campbell recalled him from Chile in 1910, to take full 
charge of the Crossley reflecting telescope and to carry on the 
program of nebular observations which had been so brilliantly 
begun by the late Dr. Keeler in 1898. 

During the next ten years Curtis made his greatest contri- 
bution to astronomy. Nominally, it is true, he was simply 
carrying forward Keeler’s program. Practically, it was his 
own program. The general subject was ^ the same but the 
observing methods were Curtis’s own, and there had been so 
many changes and improvements in the mounting, many of 
the most important by Curtis himself, that the Crossley reflector 
had become almost a new telescope. 

The results of his work are embodied in ^‘the Nebular 
Volume,” Volume XI of the Publications of the Lick Observa- 
tory as well as in many short papers in various journals, and 
were afterwards included in his general memoir on the NebtUae, 
written for Das Handbuch der Astrophysik. The memoir on 
the Planetary Nebulae^ with its beautiful photographs and 
drawings and detailed descriptions is a classic and the chapter 
on the spirals was even more important. 

At that time (i 91 020), astronomers in general had aban- 
doned the conception of a plurality of worlds which had pre- 
vailed a century earlier, in favor of the idea that all the objects 
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revealed to us by our most powerful telescopes were members 
of a single great system. Curtis was led to take the older view 
on the basis of his own observations and of his study of the 
work of others. The dark areas and the great rift in the Milky 
Way would, he thought, if viewed from a sufficiently great 
distance, give much the appearance of a ^‘banded spiral’' of 
which he photographed many with the Crossley, and both phe- 
nomena could well be explained by the presence of a light-absorb- 
ing medium. This medium, too, would quite fully account for 
the fact that few spirals are visible to us near the plane of the 
Milky Way. They are there, but hidden by the light-absorbing 
cloud. Then, if the novae which Ritchie at Mount Wilson, he 
himself at the Lick, and other astronomers were beginning to 
find in increasing numbers in spiral nebulae were similar 
objects to the Milky Way novae, their relative faintness would 
give an approximate value for the distance of the spiral in 
which they appeared. 

For a time only his colleagues at Mount Hamilton, and a few 
other astronomers agreed with him in his views. This did not 
greatly disturb Curtis. He was rather slow in formulating his 
opinions, but when once he had reached his conclusion he held 
to his views tenaciously and was always ready to defend them. 
It must have been a great satisfaction, however, to have 
Hubble’s* researches in 1925, made with the loo-iiich tele- 
scope and the far more accurate method of measuring distances 
to the nebulae provided by the Cepheid variable stars not only 
confirm his views as to the abundance of external galaxies and 
their great distances, but prove that his own figures had been 
extremely conservative. 

In 1920, just as his observing program on the nebulae had 
reached a certain terminal point, he was invited to become 
director of the Allegheny Observatory and after some hesita- 
tion accepted the offer. This meant a radical change in the 
nature of his activities. He had first of all to settle some difficult 
administrative problems and then to devote some time to teach- 
ing at the University of Pittsburgh. Moreover, the 30-inch 

’•‘And those of other astronomers, later. 
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photographic refractor at Allegheny was specially planned for 
stellar parallax work in which he had had no experience. The 
program had been initiated by Professor Schlesinger, who had 
resigned the directorship to take up similar work as director of 
the Yale University Observatory. 

Curtis, wisely, continued this program, and took a personal 
part in the actual observing work, but he contributed nothing 
new to it- His personal energies were devoted rather to build- 
ing up the machine shop and to the design and construction of 
new instruments for his own observatory and for other insti- 
tutions. 

Characteristically, his first task was the grinding out of the 
periodic error in the driving worm of the 30-inch refractor. 
He designed and built a new type of stellar comparator, and 
a number of instruments for use on the four eclipse expeditions 
conducted jointly with his friend Dr. John A. Miller, director 
of the Sproul Observatory. A long-screw measuring machine 
which he built for Dr. Miller gave him special satisfaction for, 
as Dr. McMath has said, he regarded a successful ruling engine 
as the most perfect man-made machine. 

Under his wise administration the great parallax program 
and the lesser programs of observing work made steady prog- 
ress ; his teaching work at the university was in a high degree 
successful; he was in constant demand as a lecturer and the 
eclipse expeditions and the design of improved instruments at 
the machine shop absorbed his surplus energies. He was ad- 
vancing the interests of astronomy in many ways, even though 
he was not developing an observing program of his own, and 
he was happy in his relations with his colleagues at the uni- 
versity and observatory. 

Then came the invitation to go to Michigan as the director 
of the observatory, coupled with the assurance that funds would 
be provided for building a large reflecting telescope. This was 
in 1930. It was the opportunity offered to build a great tele- 
scope that led him to accept the invitation. In other respects 
the directorship there offered little that he did not already 
have at Allegheny. But Curtis, like all astronomers who have 
worked with large telescopes, had problems in mind that could 
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be attacked successfully only with a very powerful instrument, 
and, in addition, had given much attention to the mounting of 
such a telescope and had quite definite ideas on the subject 
which he was eager to try out. 

Unfortunately, the great depression followed. The disk of 
pyrex glass, large enough for the construction of a mirror of 
97j^-inch aperture, was successfully cast by the Corning Glass 
Company, and delivered to the observatory at Ann Arbor. 
But then the generous donor, Mr. Thomas W. Lament, had to 
notify the university authorities that he could not go on with 
the enterprise ! 

This was a severe disappointment to Curtis, who was already 
absorbed in working out the details for the mounting of the 
telescope, but there was nothing he could do about it. He took 
up the general duties of his office, forwarded the various observ- 
ing programs he found in progress and took a personal part in 
the actual observing work, gave regular lectures at the uni- 
versity, and put in his spare time in completing his working 
drawings, in the hope that funds for the great telescope might 
later become available. 

Fortunately, when Curtis came to Ann Arbor, the de- 
velopment of the McMath-Hulbert Observatory as a private 
institution was well under way. As this gradually grew into 
the present powerful equipment for solar research, and became 
an integral part of the ‘‘Observatories of the University of 
Michigan,'' Curtis's interest in the project grew. He was in 
almost daily conference with Dr. Robert McMath, the active 
head of the observatory, throughout the last ten years of his 
life and Dr. McMath has testified that “his contril)utions to the 
McMath-Hulbert Observatory cannot be measured." 

With* all these varied duties, Dr, Curtis still found time to 
attend meetings of scientific societies, and to organize and head 
the successful eclipse expedition to Fryeburg, Maine, in T932. 
His work in later years was interrupted by several periods of 
illness but despite these he was able to continue in active service 
to the very end of his life. After driving home from Cleveland, 
Ohio, where he had attended and taken an active part in the 
meeting of the American Astronomical Society during convo- 
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cation week (less than two weeks before his death) he com- 
plained of fatigue, but even on the day before his death he spent 
a few hours at his office. He died quietly in his sleep in the 
early morning of January 9, 1942. 

Dr. Curtis was, of course, a member and officer of the pro- 
fessional astronomical societies of the country, serving as a 
member of the publication committee of the Astronomical 
Society of the Pacific for a number of years and as its president 
in 1912 ; a member of the council of the American Astronomical 
Society for several terms and vice-president of the Society in 
1926 ; and vice-president and chairman, Section D (Astronomy) 
of the American Association for the Advancement of Science 
(1924). In recognition of his contributions to astronomy, 
he was elected a foreign associate of the Royal Astronomical 
Society of London and to membership in the National Academy 
of Sciences and in the American Philosophical Society. He 
also joined the Astronomische Gesellschaft in the earlier part 
of his career, and was a member of the International Astro- 
nomical Union, Commission 13 of solar eclipses. 

He attended the meetings of the societies in our own country 
as regularly as possible and took an active part in their council 
meetings as well as in the discussions at the open sessions. 

He had a remarkably wide range of intellectual interests com- 
bined with a passion for thoroughness in all work he undertook. 
This unusual combination made it possible for him to be at one 
and the same time a great linguist, a most successful teacher, 
a distinguished research observer, and a builder of instruments 
of precision. But his colleagues, students and friends will re- 
call most of all his ever-cheerful comradeship, his wise counsel, 
his helpfulness in times of need. He was first of all a man 
who loved his fellow men and joyed in serving them. 

University of Michigan 

College of Literature, Science and the Arts 

Faculty Record 

Name: Hehcr Dousi Curtis 

Department: Astronomy 

1. Date and Place of Birth: June 27, 1872, Muskegon, Michigan 

2. Educational Record (Institution, Date, Degree) : 
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Undergraduate Work : University of Michigan, A.B., 1892 
Graduate Work: University of Michigan, A.M., 1893; University of 
Virginia, Ph.D., 1902 

3. Academic and Professional Record at Institutions Other than Uni- 
versity of Michigan: 

Teacher, Detroit High School, 1893-94 
Professor, Greek and Latin, Napa College (Calif.), 1894-96 
Professor, Mathematics and Astronomy, College of the Pacific, 1896-1900 
Vanderbilt Fellow in Astronomy, University of Virginia, 1900-02 
Asst, and Asst. Astronomer, Lick Observatory, 1902-05 
Acting Astronomer, in charge D. O. Mills Expedition to Southern Hemi- 
sphere (Santiago, Chile), 1906-10. 

Astronomer, Lick Observatory, 1911-20 

Director, Allegheny Observatory, 1920-30 

Director and Professor of Astronomy, Univ. of Mich., 1930-42 

Director Emeritus, Univ, of Mich., 194:' 

4. Membership in Professional and L'^arned Societies : 

Astronomical Society of the Pacific (President, 1912) 

American Association for the Advancement of Science (vice-president, 
Section D, Astronomy, 1924) 

American Astronomical Society (vice-president, 1926) 

Astronomische Gesellschaft 
National Academy of Sciences 
American Philosophical Society 
Research Gub (Univ. of Mich.) 

Foreign Associate, Royal Astronomical Society 

International Astronomical Union; member of Commission 13 of solar 
eclipses 

Phi Beta Kappa ; Sigma Xi ; Phi Kappa Phi 
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COMPLETE PROFESSIONAL BIBLIOGRAPHY 

Note: Following the procedure of numerous scientific yearbooks, the 
media in which many papers have been published have been abbreviated 
as follows in the list below : 

AJ — The Astronomical Journal 
AN — Astronomische Nachrichten 
AphJ — Astrophysical Journal 

ASP— Publications of the Astronomical Society of the Pacific 
LOB — Lick Observatory Bulletins 
PopAstr — Popular Astronomy 

PublAO — Publications of the Allegheny Observatory 

PublMO — Publications of the Observatory of the University of Michigan 

PublLick — Publications of Lick Observatory 

Other media have been given in full, or slightly abbreviated. 

A. Scientific Papers 
i%g 6 

Bright meteor observed at Napa. February 2, 1896. ASP 86. 

Latitude work with the Fauth transit instrument of the Lick Observatory. 
ASP JO, 69. 

Very bright meteor, March 4, 1898. ASP 10, 79. 

The Leonids in 1898. ASP lo, 242. 

i5pp 

Elliptic Elements of Comet 1898 h. ASP ir, 80. Also in AJ ip, 195. 

igoi 

The U. S. Naval Observatory eclipse expedition to Sumatra. ASP 1 $, 
20S-213. 

Observations of Eros, made with the 26-inch refractor of the Leander 
McCormick Observatory of the University of Virginia. AJ 21, 117-8, 
On the limits of unaided vision. LOB 2, 67-9. Also in Science, 17, 
loio-i, 1903, 

igo 2 

Definitive determination of the orbit of Comet 1898 I. Astronomische 
Abhandlungen der AN, J no. 3; 35 pp. Abstract in ASP 14, 127-31. 

m3 

Visual observations of the spectrum of Nova Geminorum made with the 
36-inch refractor. LOB 2, 132,* also, ASP 75, 222-3, AphJ Jp, 

83, 1904. 

The spectrum of Nova Geminorum (with H. M. Reese). LOB 2, 59-66; 
ASF 75, 164. 
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Observation of the spectrum of Comet Borelly made with the thirty-six 
inch refractor, LOB 2, 129. 

A list of five stars whose velocities in the line of sight are variable (with 
W. W. Campbell). LOB 2, 126; also in AphJ lE, 306-8. 

1904 

A brief review of recent progress in solar physics. ASP i6j 133-41. 

Definitive orbit of the spectroscopic binary, i Pegasi. LOB 2, 169-73; 
also AphJ Ip, 212-9; abstract in ASP id, 117-8. 

1905 

On the radial velocities of Polaris, y\ Piscium, e Aurigae, and jS Orionis 
(with W. W. Campbell), LOB i, 86-7; also AphJ 21, 191-3. 

A list of nine stars whose radial velocities vary (with W. W. Campbell). 
LOB 3, 84-86 ; also AphJ 21, 185-90. 

The quadruple system of Alpha Geminorum (paper given before AAS, 
December, 1904). Abstract in Science 21, 419-20. Cf. also AAS 
Publ. J, 224-6, 1910. 

The Lick Observatory-Crocker eclipse expedition to Labrador. ASP 17, 
173-81. 

1906 

The system of Castor. LOB 4, 55 - 66 ? also in AphJ 23, 351-69. 
Abstract in ASP 18, 132-34* 

First catalogue of spectroscopic binaries (with W. W. Campbell). LOB 
3, 136-46; abstract in ASP x8, 62-66. 

190; 

Temperature control for silvered specula. T^OB 4, 158-60; also AphJ 26, 
256-62. 

Recent changes at the Observatory of the D. O. Mills Expedition. ASP Ip, 
227-33. 

Orbit of the spectroscopic binary a Pavonis. LOB 4, 154-5 ? also AphJ 26, 
274-6; abstract in ASP ip, 259-60. 

Orbit of the spectroscopic binary d Draconis. LOB 4, 156-8; also AphJ 
26, 263-7. 

Orbit of the spectroscopic binary x Velorum. LOB 4, 155-6; also 
AphJ 26, 271-3, 

1908 

Methods of determining the orbits of spectroscopic binaries. ASP 20, 

133-55. 

1909 

The variable radical velocity of % Centauri LOB 5, 178. 

Three stars of great radial velocity, LOB 5, 133-4. (Also given as paper 
before the AAS in August, 1909.) Abstract in Science 30, 732-3, 

Thirteen stars having variable radial velocities. LOB 5, 139-40, (Paper 
given before AAS in Aug., 1909.) Abstracts in Science 30, 733 and 
ASP 21, 210. 
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Spectrographic and photographic observations of Comet 1908 c (More- 
house). LOB s, 135-8. Abstracts in Science 30, 732-3 and ASP 21, 
208-10. 

Recent progress in the work of the D. O. Mills Expedition to the Southern 
Hemisphere. ASP 21, 1 99-201. 

Position observations of Comet Halley. LOB 5, 165. 

Photographische Beobachtungen des Halleyschen Kometen 1909 c. 
AN 182, 227. 

Observations of Halley’s Comet. ASP 21, 21 1. 

Definitive orbit of Comet 1898 VI (with L. S. Richardson). AN 182, 
337-358. 

Astronomical problems of the southern hemisphere. ASP 21, 231-44; 
Smith. Inst. Report 1910, 329-340. 

1910 

Photographs of Halley’s Comet made at the Lick Observatory. ASP 22, 
1 17-130. 

Observations of Comet 1910 <2, made with the Crossley Reflector. LOB 5, 
181. 

Note on photographs of Halley’s Comet. LOB 5, 183. 

Notes on Halley’s Comet. ASP 2X, 259-261, 1909, and 22, 96-97, 1910. 
The Lick Observatory photographs of Halley’s Comet. Science 32, 877. 
Halley’s Comet. ASP 22, 33. 

Comet 1910 a. ASP 22, 33. 

Changes in the mounting of the Crossley Reflector. ASP 22, 40-41. 
Velocidades radialcs de estrellas con grandes movimientos propios (also 
in English). Vol. VI, Trabajos del Cuarto Congreso Cientifico. 
(i* Pan-americano) Santiago, Chile, 181-186. 

Estrellas dobles australes decubiertas en el espectroscopio por el Observa- 
torio de la D. O. Mills Expedicion (also in English). Vol. VI, 
Trabajos del Cuarto Congreso Cientifico. (i® Pan-americano) San- 
tiago, Chile, 176-180. 

Problemas astronomicos del hemisferio austral (also in English). Vol. VI, 
Trabajos del Cuarto Congreso Cientifico (i® Pan-americano) San- 
tiago, CHiile, pp. I54-I75- 

igii 

The theory of relativity. ASP 23, 219-229. 

Recent photographs of Comet Halley. PopAstr 19, 4S'^-2. 

Photographic positions of Nova Lacertae. LOB 6 , 99. 

Observations of Halley’s Comet, 1909 c. AN 188, 313-4- 

Note on the object photographed by Sr. Comas Soli. AN t86, 424. 

The new star in Lacerta. ASP 23, 50, 

Methods of silvering mirrors. ASP 23, X3-32; PopAstr ig, 3^7-37 and 

398-406* 

Comet notes. ASP ^3, 267-69, 
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igi2 

Three interesting spiral nebulae. ASP 24y 227-8; PopAstr 20, 637; 

Journ. RAS Can 6y 374-S- 
Note on the planetary nebulae. ASP 24, 195-9? • 

Note on R Cygni. Month. Not. RAS 73, 92. 

Descriptions of 132 nebulae and clusters photographed with the Crossley 
Reflector. LOB 7, 81-84; abstract in Nature go, 341. 

19^3 

The unit of stellar distance. ASP 25, 213-15. Correction in ASP 23, 266. 
Search for asteroid 1911 MTCyip), Albert. LOB 8, 47-8. 

Note on the Gegenschein. ASP 23, 260-63. 

The influence of gravitation on light. ASP 25, 77-81 • 

Crossley Reflector improvements. ASP 23, 265-66. 

Descriptions of 109 nebulae and clusters photographed with the Crossley 
Reflector. LOB 8, 43-46. 


igi4 

Preliminary note on nebular proper motions. (Paper before National 
Academy of Sciences, December, 1914,) Abstract in Proc. Nat. 
Acad. Sc. I, 10-12, 191S; Science 40, 770 “ 7 i> I 9 i 4 * 

The Lick Observatory-Crocker eclipse expedition to Brovary, Russia 
(with W. W. Campbell). ASP 26, 225-37; PopAstr 23, i-ii, 1915. 
Improvements in the Crossley mounting. ASP 26, 46-51. 

ms 

Search for faint members of the Taurus Cluster. ASP 27, 243. 

Proper motions of the nebulae. ASP 27, 214-18. 

Note on Hind's variable nebula. ASP 27, 242-43. 

xgi6 

Forms of planetary nebulae. (Paper before AAS, August.) Abstracts in 
PopAstr 24, 658, and ASP 28, 190. 

mr 

Note on the planetary nebulae. ASP 29, 52-54. 

Three novae in spiral nebulae. LOB p, 108-10. 

Novae in the spiral nebulae and the island universe theory. ASP 2p, 206-7. 
New stars in spiral nebulae. ASP 29, 180-82. 

Finding list for General Catalogue numbers. ASP 29, 180. 

Absorption effects in the spiral nebulae. Proc. Nat. Acad. Sc. 3, 678-82. 

xgi8 

Dark nebulae. ASP 30, 65-7. 

Nebular proper motions. (Paper before AAS, August.) Abstracts in 
AAS publ. 119-20, and PopAstr 33, S99-6oo, 1915. 

A spiral nebula in the Milky Way. ASP 30, 161, 
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On the number of spiral nebulae. Amer. Phil. Soc. Proc. $7, 512-20. 

The number of the spiral nebulae. ASP $0, 159-61. Copied in part in 
Observatory 41, 390-91. 

1919 

Three new planetary nebulae. ASP 31, 285. 

Note on the result of the search for intra-Mercurial planets, eclipse of 
June 8, 1918. ASP 31, 234-5. 

Note on the nebulosity surrounding Nova Persei. LOB 10, 35. 

A contrast in stellar distribution ASP 31, 223. 

Modern theories of the spiral nebulae (paper before Washington Academy 
of Sciences, March). Abstracts in Proc. Wash. Acad. Sc. 9, 219-227, 
and Journ. RAS Can. 14, 317-327. 

1921 

The scale of the universe. Bull. Nat. Research Council 2, 171-217. 

1922 

Stellar luminosities. ASP 34, 33-39; Journ. RAS Can. 16, 209-17. 

Resume of results bearing on the absolute magnitudes of the stars (paper 
before AAS, December, 1921). Abstracts in PopAstr 30, 107, and in 
Publ. AAS 4, 309, 1923. 

1923 

On irregularities in the velocity curves of spectroscopic binaries. Proc. 
Nat. Acad. Sc. 9, 187-91. 

Photographic adjustment of the equatorial. PopAstr 31, 11-14. 

Report of the eclipse committee, American Astronomical Society (H. D. 
Curtis, Chairman). Publ AAS 4, 196-97. 

1924 

Les nebuleuscs spirales el la constitution de Tunivers (also in English). 
Scientia 33, 1-9. 

1925 

Infra-red flash and coronal spectra, eclipse of January 24, 1925 (with 
Keivin Burns). Publ AO 6, 95-103. 

1928 

Light-year versus parsec. Nature, 12 1, 789. 

Two laboratory arcs. Journ. Opt. Soc. Amer. 18, 697-700. 

1929 

A new type of comparator. Publ AO 8, 15-17- Abstracts in PopAstr 38, 
402, 1930 ; Publ AAS 8, 340, 1931. 

A set of permanent parallax sectors. PublAO 8, 23-25. 

Interference in the solar corona (with W. R. Wright) . Publ. Sproul Obs., 
Swarthmore College, No, ii. Journ. Opt. Soc. Amer, 2Z, 
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The total solar eclipse of August 31, 1932 (University of Michigan Expe- 
dition). PopAstr 40, 392. 


ms 

An ephemeris of 467 A.D. (with F. E. Robbins). Publ. Mich. Obs. 6, 77- 
100, 1935. Republished in greater part as, — “The oldest known 
nautical almanac” in The Sky 5^ 8-9, 1940. 

mr 

The Lamont-Hussey Observatory. ASP 4P, 133-34. 

1939 

Navigation near the Pole. U. S. Naval Institute Proc. 65, 1-9. Reprinted 
in The Polar Times, March. 


1940 

The new McGregor Building and 70-foot tower telescope of the McMalh- 
Hulbert Observatory. PopAstr 48, 348-52. 


Reports of the Director of the Allegheny Observatory 
1922-23, PopAstr 32, 92-93, 1924. 


1923-24, 

1925- 26, 

1926- 27, 

1927- 28, 

1928- 29, 

1929- 30, 


33, 18-19, 1925- 
35, 27-28, 1927. 
35, 561-62, 1927. 

37, 18-19, 1929* 

38, 147-48, 1930. 

39, 79-80, 1931- 


Reports of the Director of the Observatories of the University of Michigan 


1930-31, 

Publ AAS 

7, 

68-9, 

1933. 

1931-32, 

tt 

7, 

147 - 49 , 

1933. 

1932-33, 

<i 

7, 

2S3-S7, 

1933. 

1933-34, 

it 

8, 

80-83, 

1934. 

1934-35, 

u 

8. 

180-3, 

1935- 

1935-36, 


8. 

289-91, 

1936. 

1936-37, 

it 

9, 

69-74. 

1938. 


B. Monographs 


igx8 

Descriptions of 762 nebulae and clusters photographed with the Crosslcy 
Reflector. PublLO, 31, 1-42. 7 plates, 

A study of occulting matter in the spiral nebulae. PublLO rj, 43-54. 
81 plates. 

The planetary nebulae. PublLO 13, 55-74. 80 plates. 
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The nebulae. Bd V/2 of the Handbuch der Astrophysik, pp. 774-936, with 
58 illustrations and i plate. 

1936 

Continuation of the above in the Erganzungsband VII, pp. 546-563, with 
I figure. 


C. Addresses; Papers of a General Nature 

A visit to Mt. Wilson. ASP 24, 205-8. 

Rosa Ursina, sive Sol ; a retrospect. PopAstr 20, 561-8. 

The distances of the stars. ASP 23, 143-163, 1911; reprinted in PopAstr 
^0, 349-SS ; 430-42, 1912. 

m3 

Address of the retiring president of the Astronomical Society of the 
Pacific, in awarding the Bruce Medal to Professor J. C. Kapteyn. 
ASP 25, 15-27. 

m5 

Astronomical exhibits at the Exposition. ASP 27, 105-9. 

X917 

The nebulae. Fifth Adolfo Stahl Lecture of the ASP; San Francisco, 
March. ASP 29, 91-103. 

1919 

Astronomical discovery. Sixth Adolfo Stahl Lecture of the ASP; San 
Francisco, ASP, The Adolfo Stahl Lectures in Astronomy. Stanford 
University Press. 

Optical glass. ASP 31, 77-85. 

1920 

Voyages to the moon. ASP 32, 145-50. 

1923 

The influence of astronomy upon modern thought. Address at the dedi- 
cation of the Porter Telescope at Cornell University, June 15, 1923* 
PopAstr 32, 4-1 1, 1924. 

ms 

The equinox of 1950.0. Science 41, 169-74; 1925* Address of retiring vice- 
president of Section D (Astronomy) of the American Association for 
the Advancement of Science. 

1928 

The unity of the universe. Journ. RAS Can 22, 399-412, 1928. An address 
given at the meeting of the American Association for the Advance- 
ment of Science at Philadelphia in December, 1926. 
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1929 

Religion from the Standpoint of Science, in “Religion and the Modern 
Mind,” a book of composite authorship. Harper and Bros. New York, 
PP. 55”94. 

1931 

Modern Physical Science ; its Relation to Religion, in “Has Science Dis- 
covered God?”, a book of composite authorship. Crowell Co., New 
York, pp. 51-74. 


1934 

Eighty years of astronomy at the University of Michigan. Mich. Alumnus 
Quarterly 41, 244-49. 

ms 

Address given at the dedication of the David Dunlap Observatory of the 
University of Toronto. Journ. RAS Can 29, 277-8. 

m^ 

The Comet-Seeker Hoax. PopAstr 46, 71 - 75 - 

Receding horizons. Scient. Monthly 47, 242-251. (Henry Russel Lecture 
for 1938.) 

James Craig Watson, 1838-1880. Michigan Alumnus Quarterly, Sum- 
mer, 1938. 

1941 

The dean of double-star workers. A biographical sketch of the work of 
Dr. R. G. Aitken. The Sky, 5, 3-5. 

D. Abstracts and Reviews 

(Abstracts of Curtis’s own papers are entered above under A ; the 
following are on works by other authors) 

1903 

Publicationen des Astrophysikalischen Observatoriiims Konigstuhl-Heidel- 
berg; Bd, I. ASP 15, 233-35. 


1904 

On some results obtained by the D. O. Mills Expedition to the Southern 
Hemisphere (W. H. Wright). ASP 16, 222. 

1909 

Two new calculating tables, J. Petcr.s Neue Recheaafeln, and (). Loliso 
Tafeln fur numerisches Rechnen mit Maschinen. ASP 2r, 226-7. 

1910 

Two new microscopes for the measurement of spectra (Zeitschrift fur 
Instrumentenkunde, June, and Deutsche Mechanikor-Zeit, Nov. 15. 
ASP 23, 67-8, 1911. 
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IQII 

Untersuchungen uber die Radialgeschwindigkeit des Sirius, von W. 
Munch, in AN i86, 225-56. ASP 23, 68-9. 

Photographic determinations of stellar parallax, by F. Schlesinger, AphJ 
3^, 33, 34r 1910 and 1911. ASP 23, 205-6. 

Permanency of pier construction. (Ueber Langeanderungen von Mauer- 
werk . . . von K. Scheel, AN i8g 230-4.) ASP 23, 274-7 

Ueber die kosmogonische Stellung der Kometen, von E: Stromgren, 
Viertelj. der Astron. Gesellsch. 45, 315, 1910. ASP 23, 124-27. 

Vorschlag zur Festlegung der photo. Groszenskala, von E. Hertzsprung, 
AN x86, 177-84, 1910. ASP 23, 68. 

Ueber den Einfluss der Schwerkraft auf die Ausbreitung des Lichtes, von 
A. Einstein, Ann. Phys. 35, 898-908. ASP 23, 272-73. 

JpI2 

Ueber das thermische Verhalten von gusseisernen Teilkreisen . . . von 
F. Gopel. Z. f. Instrumentenkunde 32, 33-43. ASP 24, 231. 

Ein Modell zum Relativitatsprinzip, von H. Rohmann. Phys. Zeit. X2, 
1227-30, 1911. ASP 24, 140. 

The spectroscopic binary ^ Scorpionis, J. C. Duncan, Low. Obs Bull. 2, 
21-5. ASP 24, 283-4. 

On the distribution of brightness in the tail of Halley’s Comet, Schwarzs- 
child and Kron, AphJ 34, 343-5^, 19^1. ASP 24, 138-40. 

Das Ferns pektroscop, von H. Lehmann, Z. f. Instr. 32, 1-6. ASP 24, 
140-41. 

Nickeled glass reflectors for celestial photography, by R. W. Wood, AphJ 
34, 404-9, 1911. ASP 24, 146. 

Ueber . , . scheinbarcr Durchmesscr der Sterne . . ., von S. Pokrowsky, 
AN xg2, 21-36. ASP 24, 284-85. 

1913 

Proper motions of telescopic stars, by G. C. Comstock, AJ 28, 49-58. ASP 
25, 304-S- 

Comet a 1910, by C. O. I.ampland, Low. Obs. Bull. 2, 34-55- ASP 25, 304. 

On the search for chlorophyll on the planets, by V. M. Arcichovsky, Ann. 
Inst. Mowocherkassk, j, no. 17, 1912. ASP 25, 43“44- 

Eine ncuc Form des , . . Interferometers . . ., von F. Goos, Z. f. Instr. 
32, 326-28, 1912. ASP 25, 43. 

Zur Fragc . , . dcr Masse der Kometenkern . . . von S. Orloff. Bull. 
Acad. Imp. Si. Pclersb. No. 5,257. ASP 25, 175-77- 

Lchrbuch der sparischen Astronomic, von L. de Ball. ASP 25, 224-25. 

Das Bodesechc Gesetz und die sogenannten intramerkuriellen Planeten, 
von C. V. L. Charlier, AN 193, 260-72. ASP 25. 97-99- 

Transactions o£ the astronomical observatory of Yale University, 2, parts 
3 and 4, 1912. ASP 25, 44-46. 
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1914 

Some results of observations with the photographic zenith tube, by F. E. 

Ross, AN 197, I37-40- ASP 26, 1 12-13. 

Ein schwacher Begleiter zu Capella, von R. Furuhjelm, AN 197, 181-82. 
ASP 26, 113. 

1917 

Space, time and gravitation. Abstract of articles by de Sitter, Mon. Not. 
RAS 76, 699-728, 1916; Observ. 39, 412-19, 1916; and by T. J. J. See, 
Observ. Sii-12, 1916. ASP 29, 63-64; PopAstr 25, 216-17. 
Systematic variation ... of stellar parallax, by A. S. Flint, AJ 29, 189- 
204, 1916. ASP 29, 61-2. 

Eclipses of the sun, by S. A. Mitchell, 1923. AphJ, 60, 262-63. 

E. Eclipse Expeditions 


Year 

Location 

Sponsoring hisiitution 

1900 

Thomaston, Georgia 

Lick Observatory 

1901 

Solok, Sumatra 

U. S. Naval Observatory 

190S 

Cartwright, Labrador 

Lick Observatory 

1914 

Brovary, Russia 

Lick Observatory 

1918 

Goldendale, Washington 

Lick Observatory 

1923 

Yerbaniz, Mexico 

Sproul Observatory 

192s 

New Haven, Conn. 

Sproul Observatory 

1926 

Benkoelen, Sumatra 

Sproul Observatory 

1929 

Takengon, Sumatra 

Sproul Observatory 

1930 

Gerlach, Nevada 

Allegheny Observatory 

1932 

Fryeburg, Maine 

Univ. of Mich. Observatory 
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RAYMOND PEARL 
1879-1940 

BY H. S. JENNINGS 

Raymond Pearl, Professor of Biology in the Medical School 
and in the School of Hygiene and Public Health of the Johns 
Hopkins University, died at Hershey, Pennsylvania, November 
17, 1940, at the age of sixty-one years. 

He was born at Farmington, New Hampshire, June 3, 1879. 
He came of a New England family of scholarly traditions, pri- 
marily in the classical direction. Earlier generations had in- 
cluded students of Greek and Latin, and it was the intention 
of Pearl’s parents and grandparents that he should continue 
the family tradition in this respect. He attended school at 
Farmington ; with two final years at the high school in Roches- 
ter, eight miles away, for the purpose of getting a* better founda- 
tion in Greek and Latin. At the age of 16 he entered Dartmouth 
College, expecting to make the classics his chief field of study. 
During his first year he was more interested in the opportunities 
for free activity than in his studies ; a fact which was reflected 
in the low grades which he received. But in that first year 
biology was a required subject, and this opened his eyes to 
what became his main interest. After the first week of the 
course in biology he consulted the instructor, John H. Gerould, 
as to whether he might, if he worked hard, go into biology 
rather than Greek. The change from classical to biological 
interests was a shock to his family, causing a rift that was long 
in hc'aling. An account of Pearl in '^Dartmouth ’99’',^ speaks 
thus of his relation to biology: ‘‘The subject obsessed him. He 
talked, thought, studied and dreamed in terms of biology. He 
set himself an almost incredible standard of exactness and 
thoroughness. 'J'his standard he likewise unflinchingly de- 
manded from all his students and associates, not excepting mem- 
bers of his own family in such ways as they shared his pro- 
fessional labors.” 

Thirty-fifth Report of the Class of 1899 of Dartmouth College. 
1941. Book II: Good Companions All. R. Pearl (with portrait). This 
will be referred to as 'Dartmouth '99.'’ 
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He graduated from Dartmouth with the degree of A.B. in 
1899. According to the Class Report before cited “Pearl was 
the youngest graduate in our class.” During his senior year he 
was assistant in the course in general biology, of which the 
present w'riter was at that time in charge. He showed at that 
early period the masterful and competent personality that marked 
him throughout life. 

But in his relations with the rest of the college his qualities 
of leadership were manifested mainly in relation to music, 
at that time and throughout life his favorite avocation. ^ As 
to this, certain paragraphs from the sketch in Dartmouth 99 » 
above quoted, present interesting pictures : 

“He might be the first American to deliver the Heath Clark 
lectures at the University of London, or the most skillful juggler 
of the logistic curves of Verhulst; to us he was still the boy 
cornetist and the fellow who single handed conjured the first 
Dartmouth Band into existence out of rustic young neophytes 
and rusty and discarded tubas. He was our full-fledged im- 
pressario before we even knew there was such a wonl, and no 
crowd of urchins ever followed the Pied Piper of ITamclin so 
devotedly and gaily as we of ’99 and all our Dartmouth con- 
temporaries followed the imperious form of Pearl, as in cordu- 
roy or white duck trousers and with much ‘windy suspiration 
of forced breath’ he poured strange harmonics on the campus 
air.” A member of his class gives (in the same publication) 
certain personal experiences: “Pearl had been talking to Joe 
and me trying to get us interested in some kind of a hand in.stni- 
mait. Finally he dug up an alto horn for Joe and a battered 
old E-flat tuba for me. Where they came from God only 
knows. After working on them for a while we finally got the 
valves so they would work, and after that all Pearl had to <lo 
was to teach us how to finger the valves and teach us music, 
which was a tall order. He used to collar us and make us go up 
to the fraternity rooms (over Frost’s jewelry store) and prac- 
tice with him. After we got so we could play a few note.s he 
used to make us march behind him around and around the 
billiard table.” 

All this is most characteristic, as will be recognized by those 
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who were associated with him in later life. Pearl never ceased 
to be propagandist for amateur musical performance. The 
account quoted above continues: “Ray became adept at almost 
every wind instrument. Even on the French horn, under- 
taken in middle life, and recognized as one of the most 
difficult of instruments, he became a proficient amateur. From 
boyhood to the latest gathering of Baltimore friends and wives 
at Hershey the night before he died, music had been a passion 
in Ray’s life.” 

In the fall of 1899 Pearl went with me to the University of 
Michigan, where for three years he was assistant in zoology 
while at work as a graduate student. He took part in the Bio- 
logical Survey of the Great Lakes, founded and led by the late 
Jacob Reighard, working on variation in fishes (1900 to 1902). 
He received at the University of Michigan in 1902 the degree 
of Doctor of Philosophy, at the age of twenty-three. From 
1902 to 1906 he was Instructor in Zoology at the University 
of Michigan. 

It was in the laboratory of the University of Michigan that 
he met Maud M. De Witt, who became his wife. She held at 
that time an important administrative place in the complex 
hierarchy of the large zoological laboratory. They were mar- 
ried in 1903. She accompanied him in study abroad during 
the years 1905 and 1906, when they worked at the University 
of London, the University of Leipzig, and at the Marine Bio- 
logical Station at Naples. Mrs. Pearl later cooperated with him 
extensively in his scientific work, and at the time of his death 
was managing editor of the journal “Human Biology”, and 
assistant editor of the “Quarterly Review of Biology” — the 
two journals founded and edited by Pearl. 

Pearl published a number of contributions before receiving 
the doctorate. His dissertation was on the reactions and behavior 
of Tdanarians. He next contributed a series of papers on 
genetic problems in lower organisms. He then decided to enter 
the field of the application of statistical methods to biological 
problems and spent the year 1905-1906 at work with Karl Pear- 
son at University College, London. During the same visit to 
Europe he worked also at Leipzig and at the Marine Biological 
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Station at Naples. While in London he finished and elaborated 
statistically a valuable piece of work on assortative mating in 
Protozoa. This he presented before the Royal Society of Lon- 
don; like many other contributions of Pearl it became a subject 
of controversy. He became in 1906 Associate Editor (with 
Pearson) of ^'Biometrika.'* But it was difficult for two such 
strong and aggressive personalities as Pearson and Pearl to 
work intimately together ; there was a falling out, and the 
connection with ‘^Biometrika” ceased in 1910. The two men 
remained friends, however : ^^there was a strong bond between 
them even if they did not agree on many subjects. They were 
in frequent correspondence’^, and after Pearson’s death Pearl 
published (1936) an appreciative memoir of him. 

Pearl returned to America in 1906, and was instructor in 
zoology at the University of Pennsylvania in 1906-1907. Plis 
contributions to biology were now mainly cast in the statistical 
mould. In 1907 he went to the University of Maine at Orono, 
as head of the department of biology of the Maine Agricultural 
Experiment Station, remaining there until Uuring the 

years in Maine he made many contributions to the genetics and 
biology of the fowl and of other domestic animals, many of them 
published with his associate, F. M. Surface. In 1915 ap])earod 
two books. One was of a vSpecialized character: a treatise on 
Diseases of Poultry, published with F. M. Surface and M. K. 
Curtis. The other was his first more general work on l)iological 
problems: a critical examination of methods of investigation, 
entitled '"Modes of Research in Genetics.” Use of matlu'inatical 
methods was emphasized, and exemplified. 

His work at the Maine Experiment Station showt^d a 
mastery of statistical methods, and an organizing aliility such 
that on the entrance of the United Slates into the first World 
War he was called to Washington by 1 loover to act as Chief of 
the Statistical Division of the newly organized Unit(‘(l State's 
Food Administration (1917-1919). He built tq) a largo organ- 
ization, which included a number of well-known men of science. 
During this i^eriocl he published a nunil>cr of i^apers on foods 
and prices; also a l)ook on ‘The Nation’s Food.” 

Early in 1918 Pearl was called, at the instance of Dr. William 
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Welch, to become Professor of Biometry and Vital Statistics 
in the newly founded School of Hygiene and Public Health of 
the Johns Hopkins University. He took up his work there in 
the fall of 1918. (While at Washington he was in 1917-18 
on leave of absence from the Maine Agricultural Experiment 
Station. He was appointed at Johns Hopkins in 1918 but dur- 
ing the fall of that year he divided his time between the work 
at Washington and that at Baltimore. He was then sent to 
Europe on work of the Food Administration, and after his 
return continued to spend part of his time at Washington, part 
at Baltimore, until March i, 1919, when he moved to Baltimore 
and devoted his full time to the University.) He organized at 
Johns Hopkins a department and laboratory of statistics, with 
Lowell J. Reed as associate professor; and gave courses in sta- 
tistical methods and their application to biology and medicine. 

Pearl remained at Johns Hopkins for the remainder of his 
life, though with some changes of work and title. It will be 
well at this point to note certain characteristics of the man and 
his work. He was a man of unusual height and weight, 
physically an impressive figure. His was a masterful person- 
ality, of extraordinary resourcefulness and initiative, of wide 
knowledge, astonishing power of work, remarkable versatility 
and scope, and strong ambitions. His interest in biology was 
encyclopedic. In his contributions he touched upon most 
aspects of the subject. This was not a matter of merely the 
extent of scattered interests, but rather of the kind of interest, 
and of the kind of man that he was. This has been best ex- 
pressed by L. J. Henderson in his obituary notice in the Ameri- 
can Philosophical Society's Yearbook for 1940: 

‘niiere are two kinds of men of science whose interests and 
activities greatly contrast. One kind, the orthodox, today very 
nttmerous, proceed by a kind of orthogenetical development 
and do not often step aside from a straight and narrow path. 
The other kind, rare today, though often met with three or even 
two cenluriCwS ago, feel that their intense interest in all things — 
their phUosophicai interest in an older sense of the word philo- 
sophical that has been preserved in the name of our Society — 
is a safe guide. Such a man was Francis Galton and another, 
in some measure a disciple of Galton's, was Raymond Pearl." 
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The breadth of Pearrs interests did not mean that his inter- 
est in particular subjects was weak. On the contrary his interest 
in any subject to which he gave his attention was so intense 
that at any given moment he might seem a partisan and 
propagandist of a particular field or method of biological science. 

Among the seven hundred and twelve titles (including seven- 
teen books^jn the list of Pearl’s writings hereto appended will 
be found contributions on the most varied fields or aspects of 
biology, or of human affairs as a division of biology. There 
are papers on animal behavior, from Protozoa to man ; on 
general physiology; many on varied aspects of genetics (on 
variations, on abnormalities, on the breeding of Drosophila, of 
poultry, of cattle, of corn, of cantaloupes, on tongue colors in 
cattle, on the colors of hens’ eggs, on the biology of sex, on the 
effects of parental alcoholism on progeny, on mutation, on 
methods of research in genetics, on the effect (or absence of 
effect) of selection, and on many other problems of genetics). 
There are many technical contributions on the care and breed- 
ing of fowls (fertility and fecundity in fowls, diseases of fowls, 
plumage patterns, egg production, keeping fowls free from lice, 
the folk-lore of hens’ eggs, and the like). Many papers are 
devoted to technique, in the laboratory and in the field. There 
are extensive contributions to statistical methods, some abstruse, 
some directly practical. Many papers deal with disease: in- 
fluenza, pneumonia, tuberculosis, cancer, encephalitis. Many 
papers (more than on any other subject) deal with the biology of 
man : papers on longevity and mortality, on the effects ol alcohol 
and of tobacco, on eugenics, on race culture, on the 1)iology 
of superiority, on the embryological basis of mortality, on infant 
mortality, on the biology of death, on population, on contracep- 
tion, on the vitality of the peoples of America and of the peoples 
of England and Wales, on world overcrowding, on the biological 
effects of war, on the history of vital statistics, on patterns for 
living together. There are papers on food and prices, on wheat 
conservation, on ^'the nation’s food”, on food thrift, on busineSvS 
cycles. There are papers of philosophical import : on evolution 
and the origin of life, on “evolution and the Irish”, on vege- 
tarian ])iology, on the living machine, on the pragmatic stand- 
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RAYMOND PEARL 
1879-1940 

BY H. S. JENNINGS 

Raymond Pearl, Professor of Biology in the Medical School 
and in the School of Hygiene and Public Health of the Johns 
Hopkins University, died at Hershey, Pennsylvania, November 
17, 1940, at the age of sixty-one years. 

He was born at Farmington, New Hampshire, June 3, 1879. 
He came of a New England family of scholarly traditions, pri- 
marily in the classical direction. Earlier generations had in- 
cluded students of Greek and Latin, and it was the intention 
of Pearl’s parents and grandparents that he should continue 
the family tradition in this respect. He attended school at 
Farmington ; with two final years at the high school in Roches- 
ter, eight miles away, for the purpose of getting a better founda- 
tion in Greek and Latin. At the age of 16 he entered Dartmouth 
College, expecting to make the classics his chief field of study. 
During his first year he was more interested in the opportunities 
for free activity than in his studies ; a fact which was reflected 
in the low grades which he received. But in that first year 
biology was a required subject, and this opened his eyes to 
what became his main interest. After the first week of the 
course in biology he consulted the instructor, John H. Gerould, 
as to whether he might, if he worked hard, go into biology 
i-athcr than Greek. The change from classical to biological 
intci-csts was a shock to his family, causing a rift that was long 
in healing. An account of Pearl in “Dartmouth '99'’,^ speaks 
thUvS of his relation to biology: “The subject obsessed him. He 
talked, thought, studied and dreamed in terms of biology. He 
set hiinscll: an almost incredible standard of exactness and 
thoroughness. This standard he likewise unflinchingly de- 
manded from all his students and associates, not excepting mem- 
bers of his own family in such ways as they shared his pro- 
fessional labors.'^ 

Thirty-fifth Report of the Class of 1899 of Dartmouth College. 
194T. Book II: Good Companions All. R. Pearl (with portrait). This 
will be referred to as ‘‘Dartmouth *99.” 
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He graduated from Dartmouth with the degree of A.B. in 
1899. According to the Class Report before cited ‘^Pearl was 
the youngest graduate in our class.^’ During his senior year he 
was assistant in the course in general biology, of which the 
present writer was at that time in charge. He showed at that 
early period the masterful and competent personality that marked 
him throughout life. 

But in his relations with the rest of the college his qualities 
of leadership were manifested mainly in relation to music, — 
at that time and throughout life his favorite avocation. As 
to this, certain paragraphs from the sketch in "'Dartmouth ’99’’, 
above quoted, present interesting pictures : 

“He might be the first American to deliver the Heath Clark 
lectures at the University of London, or the most skillful juggler 
of the logistic curves of Verhulst; to us he was still the boy 
cornetist and the fellow who single handed conjured the first 
Dartmouth Band into existence out of rustic young neophytes 
and rusty and discarded tubas. He was our full-fledged ini- 
pressario before we even knew there was such a word, and no 
crowd of urchins ever followed the Pied Piper of Plamelin so 
devotedly and gaily as we of ’99 and all our Dartmouth con- 
temporaries followed the imperious form of Pearl, as in cordu- 
roy or white duck trousers and with much "windy suspiration 
of forced breath’ he poured strange harmonies on the campus 
air.” A member of his class gives (in the same publication) 
certain personal experiences: “Pearl had been talking to Joe 
and me trying to get us interested in some kind of a band instru- 
ment. Finally he dug up an alto horn for Joe and a battered 
old E-flat tuba for me. Where they came from God only 
knows. After working on them for a while wc finally got the 
valves so they would work, and after that all Pearl had to <lo 
was to teach us how to finger the valves and leach us music, 
which was a tall order. He used to collar us and make us go up 
to the fraternity rooms (over Frost’s jewelry store) and prac- 
tice with him. After we got so we could play a few notes he 
used to make us march behind him around and around the 
billiard table.” 

All this is most characteristic, as will be recognized by those 
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who were associated with him in later life. Pearl never ceased 
to be propagandist for amateur musical performance. The 
account quoted above continues : “Ray became adept at almost 
every wind instrument. Even on the French horn, under- 
taken in middle life, and recognized as one of the most 
difficult of instruments, he became a proficient amateur. From 
boyhood to the latest gathering of Baltimore friends and wives 
at Hershey the night before he died, music had been a passion 
in Ray’s life.” 

In the fall of 1899 Pearl went with me to the University of 
Michigan, where for three years he was assistant in zoology 
while at work as a graduate student. He took part in the Bio- 
logical Survey of the Great Lakes, founded and led by the late 
Jacob Reighard, working on variation in fishes (1900 to 1902). 
He received at the University of Michigan in 1902 the degree 
of Doctor of Philosophy, at the age of twenty-three. From 
1902 to 1906 he was Instructor in Zoology at the University 
of Michigan. 

It was in the laboratory of the University of Michigan that 
he met Maud M. De Witt, who became his wife. She held at 
that time an important administrative place in the complex 
hierarchy of the large zoological laboratory. They were mar- 
ried in X903. She accompanied him in study abroad during 
the years 1905 and 1906, when they worked at the University 
of London, the University of Leipzig, and at the Marine Bio- 
logical Station at Naples. Mrs. Pearl later cooperated with him 
extensively in his scientific work, and at the time of his death 
was managing editor of the journal “Human Biology”, and 
assistant editor of the “Quarterly Review of Biology” — ^the 
two journals founded and edited by Pearl. 

Pearl published a number of contributions before receiving 
the doctorate. His dissertation was on the reactions and behavior 
of rianarians. He next contributed a series of papers on 
genetic problems in lower organisms. He then decided to enter 
the field of the application of statistical methods to biological 
problems and spent the year 1905-1906 at work with Karl Pear- 
son at University College, London. During the same visit to 
Europe he worked also at Leipzig and at the Marine Biological 
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Station at Naples. While in London he finished and elaborated 
statistically a valuable piece of work on assortative mating in 
Protozoa. This he presented before the Royal Society of Lon- 
don; like many other contributions of Pearl it became a subject 
of controversy. He became in 1906 Associate Editor (with 
Pearson) of ‘‘Biometrika,'* But it was difficult for two such 
strong and aggressive personalities as Pearson and Pearl to 
work intimately together ; there was a falling out, and the 
connection with ‘‘Biometrika’' ceased in 1910. The two men 
remained friends, however : "'there was a strong bond between 
them even if they did not agree on many subjects. They were 
in frequent correspondence”, and after Pearson’s death Pearl 
published (1936) an appreciative memoir of him. 

Pearl returned to America in 1906, and was instructor in 
zoology at the University of Pennsylvania in 1906-1907. His 
contributions to biology were now mainly cast in the statistical 
mould. In 1907 he went to the University of Maine at Oroiio, 
as head of the department of biology of the Maine Agricultural 
Experiment Station, remaining there until 1918. During the 
years in Maine he made many conti'ibutions to the* genetics and 
biology oC the fowl and of other domestic animals, mtiny of them 
published with his associate, F. M. Surface. In 1015 appeared 
two books. One was of a siiccialized character: a treatise on 
Diseases of Poultry, published with F. M. Surface and M. R. 
Curtis. The other was his first more general work on biological 
problems: a critical examination of methods of investigation, 
entitled '‘Modes of Research in Genetics.” Use of matlumiatical 
methods was emphasized, and exenqilified. 

His work at the Maine Experiment Station showed a 
mastery of statistical methods, and an organizing ability sneb 
that on the entrance of the United vStates into the first World 
War he was called to Washington by 1 loover to act as ( 1 iief of 
the Statistical Division of the newly organized llnit(‘d Statt\s 
Food AdminivSlration (19*7-1919). lie built ii]) a large organ- 
ization, which included a number of well-known men of science. 
During this period he published a number of papers on foods 
and prices; also a book on *'The Nation^s Food.” 

Early in 1918 Pearl w^as called, at the instance of Dr. William 
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Welch, to become Professor of Biometry and Vital Statistics 
in the newly founded School of Hygiene and Public Health of 
the Johns Hopkins University. He took up his work there in 
the fall of 1918. (While at Washington he was in 1917-18 
on leave of absence from the Maine Agricultural Experiment 
Station. He was appointed at Johns Hopkins in 1918 but dur- 
ing the fall of that year he divided his time between the work 
at Washington and that at Baltimore. He was then sent to 
Europe on work of the Food Administration, and after his 
return continued to spend part of his time at Washington, part 
at Baltimore, until March i, 1919, when he moved to Baltimore 
and devoted his full time to the University.) He organized at 
Johns Hopkins a department and laboratory of statistics, with 
Lowell J. Reed as associate professor; and gave courses in sta- 
tistical methods and their application to biology and medicine. 

Pearl remained at Johns Hopkins for the remainder of his 
life, though with some changes of work and title. It will be 
well at this point to note certain characteristics of the man and 
his work. He was a man of unusual height and weight, 
physically an impressive figure. His was a masterful person- 
ality, of extraordinary resourcefulness and initiative, of wide 
knowledge, astonishing power of work, remarkable versatility 
and scope, and strong ambitions. His interest in biology was 
encyclopedic. In his contributions he touched upon most 
aspects of the subject. This was not* a matter of merely the 
extent of scattered interests, but rather of the kind of interest, 
and of the kind of man that he was. This has been best ex- 
pressed by L. J. Henderson in his obituary notice in the Ameri- 
can Philosophical Society's Yearbook for 1940; 

'There are two kinds of men of science whose interests and 
activities greatly contrast. One kind, the orthodox, today very 
numerous, proceed by a kind of orthogenetical development 
and do not often step aside from a straight and narrow path. 
The other kind, rare today, though often met with three or even 
two centuries ago, feel that their intense interest in all things — 
their philosophical interest in an older sense of the word philo- 
sophical that has been preserved in the name of our Society — 
is a safe guide. Such a man was Francis Galton and another, 
in some measure a disciple of Galton's, was Raymond Pearl." 
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The breadth of Pearl’s interests did not mean that his inter- 
est in particular subjects was weak. On the contrary his interest 
in any subject to which he gave his attention was so intense 
that at any given moment he might seem a partisan and 
propagandist of a particular field or method of biological science. 

Among the seven hundred and twelve titles (including seven- 
teen books) in the list of Pearl’s writings hereto appended will 
be found contributions on the most varied fields or aspects of 
biology, or of human affairs as a division of biology. There 
are papers on animal behavior, from Protozoa to man; on 
general physiology; many on varied aspects of genetics (on 
variations, on abnormalities, on the breeding of Drosophila, of 
poultry, of cattle, of corn, of cantaloupes, on tongue colors in 
cattle, on the colors of hens’ eggs, on the biology of sex, on the 
effects of parental alcoholism on progeny, on mutation, on 
methods of research in genetics, on the effect (or absence of 
effect) of selection, and on many other problems of genetics). 
There are many technical contributions on the care and breed- 
ing of fowds (fertility and fecundity in fowls, diseases of fowls, 
plumage patterns, egg production, keeping fowls free from lice, 
the folk-lore of hens’ eggs, and the like). Many papers arc 
devoted to technique, in the laboratory and in the field. There 
are extensive contributions to statistical methods, some abstruse, 
some directly practical. Many papers deal with diwseasc: in- 
fluenza, pneumonia, tuberculosis, cancer, encephalitis. Many 
papers (more than on any other subject) deal with the biology of 
man: papers on longevity and mortality, on the elfccts of alcohol 
and of tobacco, on eugenics, on race culture, on the biology 
of superiority, on the embryological basis of mortality, on infant 
mortality, on the l)iology of death, on population, on contracep- 
tion, on the vitality of the peoples of America and of the peoples 
of England and Wales, on world overcrowding, on the biological 
effects of war, on the history of vital wStatistics, on patterns for 
living together. There are papers on food and prices, on wheat 
conservation, on nation’s food”, on food thrift, on bu.sincss 
cycles. There are papers of philosophical import: on evolution 
and the origin of life, on ^'evolution and the Irish”, on vege- 
tarian biology, on the living machine, on the pragmatic stand- 
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point in philosophy, on natural theology without theistic implica- 
tions, on reconciling religion and Darwinism, on humanizing 
biology, on “a philosopher for the bloc'', on skepticism recon- 
ciled, on ‘‘scientists into philosophers”, on “America today and 
possibly tomorrow.” There are many miscellaneous papers on 
the most varied subjects constituting a sort of journalism of 
science: on an eighteenth century patron of science, on “the 
prince of colyumists”, on statistics of garbage collection, on a 
new statistical journal, on Jewish and Christian marriages, on 
the work of agricultural experiment stations, and the like. 

The journals or other publications to which Pearl contributed 
in addition to the usual journals of research in zoology, genetics 
or physiology, make a long list, which may be classified as 
follows : 

Statistical journals: Biometrika, Metron, Journal of the Royal 
Statistical Society, Publications of the American Statistical 
Association, Nordisk Statistisk Tidskrift. 

Medical journals: Medicine, American Medicine, Journal of 
the American Medical Association, Archives of Internal Medi- 
cine, New York Medical Journal, British Medical Journal, 
Southern Medical Journal, Review of Tuberculosis, Public 
Health Repoi'ts, American Journal of Public Health, Archives 
of Pathology, Intei-national Clinics, Birth Control Review, 
Bulletin of the Institute of the History of Medicine, Milbank 
Memorial Quarterly, American Journal of Obstetrics and 
Gynecology. 

Agricultural journals: Farm and Home, American Breeders' 
Magazine, j^rceders' Gazette, American Veterinary Review, 
h'arnKTs' Advocate, Farm and Fireside, Hoard's Dairyman, 
Bulletin of the Maine Agricultural Experiment Station, Farmers' 
Bulletin of the United States Department of Agriculture, In- 
land Poultry Journal, Poultry Science, Journal of Agricultural 
Research, Horseman and Spirit of the Times. 

Jijicyclo/>cdias: Britannica, Americana, of the Social Sciences. 

M isccllancous scientific publications: Eugenics Review, Popular 
Science Monthly, Scientific Monthly, American Anthropologist, 
Journal of Biological Chemistry, Popular Science, Annals of the 
American Academy of Political and Social Science, Geographical 
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Review, Nature, Natural History, American Speech, Botanical 
Gazette, Annals of Botany, American Journal of Physical An- 
thropology, Political Science Quarterly, Bulletin of the Ameri- 
can Mathematical Society, Ecology, Science Digest, American 
Journal of Sociology, Scientia, Journal of Social Psychology, 
Wattenschappeliike Bladen. 

Literary and miscellaneous journals: The Independent, the 
Dial, Saturday Review of Literature, The Nation, World’s 
Work, Ladies Home Journal, Harper’s Magazine, the Annalist, 
Readers’ Digest, Literary Review, American Mercury, Time 
and Tide, School and Society, Johns Hopkins Alumni Maga- 
zine, Cosmopolitan, Yale Review. 

Newspapers: The New York Times, New York Evening 
Post, Baltimore Evening Sun. 

This is a remarkable record of publication. It may 1 )C 
questioned whether in America it has ever been equaled by a 
man of science, in extent and variety. For the forty-one years 
during which Pearl was active in publication the average number 
of titles per year is 17.3. In some single years there were more 
than thirty titles; in 1913 there were thirty-four. 1'he biblio- 
graphic record is a sufficient witness to the breadth of Pearl’s 
interests and to the activity of his mind. 

Yet from these facts it is not to be inferred that he lacked 
strong leading interests. The contrary is decidedly the case. 
He was strongly and continuously interested in certain ])arlicular 
fields, and he deeply influenced them. What the record shows 
is that in addition to being an investigator, he was greatly inter- 
ested in the dissemination and propagation of scientific kn<wl- 
edge. And further he was intensely interested in the large and 
goodly frame of things. 

His leading biological interests and fiekls of work may be 
traced somewhat as follows : 

In his early years (1900 to about 1904) Pearl, like many 
young men entering science, simply took hold wherever he saw 
opportunity. He published notes on laboratory technique, sum- 
mary reviews of work in general physiology, and studies in 
animal behavior (this being, in the lal)oratory where be was, 
a very active subject). Soon he began to show a predilection 
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for genetics, publishing observations on variations and abnor- 
malities. 

With the period of his study of biometrics with Pearson 
(1905-1906) these latter subjects became his chief field of 
interest. At the same time he acquired a strong interest, which 
he never lost, in the methods of mathematical handling of bio- 
logical data: to these he made throughout life many contribu- 
tions. At about this period began also his primary interest in 
man as a biological organism ; this was destined to become later 
his chief field of labor. 

With his ti’ansfer to the Maine Agricultural Experiment Sta- 
tion (1907) the domestic fowl became his chief object of bio- 
logical study. He dealt with the specialized problems which 
it presents (becoming an authority in practical poultry breed- 
ing), and also with the fundamental questions (particularly in 
genetics) which the fowl presents in common with other organ- 
isms. He continued also during this period (1907-1918) his 
contrilmtions to the lines of work which he had earlier begun : 
to ^statistical methods, to variation and inheritance and to bio- 
logical relations in the life of man. During this period also 
began or 1)ccaiiie much intensified his activity in the dissemina- 
tion of biological knowledge ; now through contributions to non- 
technical and non-scientific journals, such as the Independent 
and the Dial, 

The years (1917-1919) during which he headed the statistical 
division o[ the United States Food Administration formed an 
interlude in which he acquired interest in some additional phases 
of the l)iology of man: in food, in war, in administration and 
InisincsH. lie made contributions on these matters, which were 
unified l)y the fact that they appertained all to the particular 
biological organism in which Pearl was most interested. 

With the transfer to Johns Hopkins (1919) came gradually 
a centralizing of all his interests in the biology of man. A break 
with past interests was reinforced by a fire which in 1919 de- 
stroyed his notes on past work, as well as his large library of 
reprints. During the organization of 4 :he statistical laboratory 
and of courses in the statistical treatment of biology and medi- 
cine there was naturally an accentuation of interest in the prob- 
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lems of method, evidenced by the puldicatioii in 1923 of his 
well known, textbook ^^Introduction to kicdical l>iomctiy and 
Statistics.” As Statistician of the Johns J-lopkins Hospital 
(1919-1935) he systematized autopsy records and i)ublished at 
intervals data and conclusions based on study of these. 

Soon his studies took a more experimental and broadly bio- 
logical turn. Though they were henceft)rth directed mainly 
toward the biology of man, he employed other organisms for 
experimental purposes. He carried through extensive breed- 
ing and experimental studies on Drosojdiila, with relation to 
duration of life and its inheritance, mortality, and growth of 
populations; and on the factors, genetic and environmental, 
that influence these. They were accompanied by .stati.stical in- 
vestigations on the same kinds of problems in man. 

Based on these various lines of work. Pearl ])ublislied .si'vend 
series of articles and a number of books. In io->_’ appe-ared a 
volume on “The Biology of Death”, based on I,owelI Lecttires 
given in 1920. From 1922 to 1927 appeared his “I'',xi)eriniental 
Studies on the Duration of Life”, based on the work on Drosoph- 
ila. The results of these .studies, with nmeb othin- material, 
were embodied in his books on "The biology of Population 
Growth” (1925) and on "The Kale of Living” An 

extensive .statistical invc.stigation of the elfeets of the use of 
alcohol on longevity and nK)rtality, based on a great number of 
case histories collected l)y Pearl, was puldi.shed in as a 

book under the title “Alcohol and Longevity.” ''I'his investiga- 
tion led him to the conclusion that the moderate eon.sumption of 
alcohol is not harmful, and on this conclusion be based bis own 
practice. The.se studies and conclusions were widely i)ulilicized, 
giving rise to controver.sy. A similar .study made in baler years 
(1938) on the effects of the use of loliacco led him to the con- 
clusion that tobacco is harmful cvcai in .small tiuantili<‘s. 'I'liis 
again attracted much attention in the jiress. 

From 1920 on appeared a .scries of papers with I-. J, Reed 
on Population Growth and Its Mathematical Representation, 
culminating in a curve of jjopulation growth, which was em- 
ployed in forecasting the course of human jxipulalion in future 
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periods. This, like much of Pearl's other work, aroused interest 
and controversy. 

Other contributions to the biology of man dealt with the bio- 
logical nature and classification of diseases, and with biological 
aspects of certain special diseases, notably tuberculosis, cancer, 
influenza, pneumonia, diseases of the heart, encephalitis. Many 
contributions, up to the last, deal with human reproduction ; in- 
cluding a series of reports on the problems and results of birth 
control, based largely on the operations of a birth control clinic 
in Baltimore. A volume of collected papers on the biology of 
man, entitled '‘Studies in Human Biology" was published in 
1924. 

In 1923 Pearl received the title of Professor of Biology in 
the Medical School, a title which he retained to the end of his 
life. His associations at Johns Hopkins were throughout with 
the medical divisions of the University, rather than with the 
distantly located departments of zoology and botany in the 
"Philosophical" DivivSion. In 1925 he gave up the direction of 
the work of the Department of Statistics and was succeeded 
there by Lowell J. Reed. In that year Pearl became director 
of the Institute for Biological Research, an enterprise maintained 
in connection with the Johns Hopkins University for five years 
by the Rockefeller Foundation. He was enabled to devote him- 
self for this period entirely to research. He had during this 
lime the title of Research Professor in the Johns Hopkins Uni- 
versity. The Institute for Biological Research was not ad- 
joinecl to any of the existing schools or departments of the 
University, but was an indei)endent division of it. 

At the end of the five year period, in 1930, Pearl was given 
the title of Professor of Biology in the School of Hygiene and 
Pul)lic Health, remaining in this position till his death. He 
gave courses and vSUper vised research in that school. 

In 1926 Pearl founded the "Quarterly Review of Biology”, 
and in 1929 the journal "Human Biology.” The former was 
an outlet for his interests in the wide and miscellaneous ques- 
tions of l)iology. It included general articles reviewing the 
situation in particular fields, by authorities in those fields, lists 
of important new publications, and a department of comments 
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and reviews on recent literature, — a department that was much 
appreciated. The first year all of the reviews were written 
by Pearl himself. In later years much of the reviewing was 
taken over by others, though Pearl always edited the reviews. 
The journal “Human Biology” was devoted to the subject in 
which Pearl’s chief interests lay; it published detailed investi- 
gations on the biology of man, a department of “notes”, and 
extensive annotated lists of literature. After the founding of 
“Human Biology”, Pearl was disposed to give up the Quarterly 
Review of Biology to other editorship, but whenever this ques- 
tion was raised so many objections were made that he kept on 
with it. Gradually Mrs. Pearl assumed a large share of the 
work of the Quarterly Review, enabling Pearl to direct his 
interest and energy mainly to “Human Biology”, and to his 
researches and other publications. 

Since Pearl’s death the editorship of the Quarterly Review 
of Biology has been taken over by Professor B. FI. Wil]ic‘r, 
Director of the Department of Biology of the Johns lIo])kins 
University. Professor L. J. Reed has taken the editorship of 
Human Biology. 

Pearl’s interest was taken most strongly pcThaps by two 
subjects in human biology. These were longevity and fertility. 
He may be said to have made hobbies of lliese. h'or many 
years he collected book.s and articles on longevity, s])ending 
much time on his trips to Europe and elsewhere in searching 
for publications in this field. He formed thus a great collection 
of works on longevity, i^rohably one of the most complete^ in 
existence. This is now housed tcmj)orarily iti tlie Weld) 
Library at Johns Hopkins. Longevity formed one of the most 
frequent subjects of Pearl’s writings. 

On fertility l^carl collected a great bibliograjdiy with abvstraets. 
He had worked on this for ten years before his death. 1'his 
bibliography has been given to the Welch Lil)rary of lli<^ 
Johns Hopkins University. In the Department of Hiostatistics 
of the Johns Hopkins University have been placed 1 ^carl’s 
departmental records, and many of his books and collections of 
data. Among the latter is a twenty volume collection of suicide 
records. 
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Longevity, fertility and population problems continued Pearl’s 
chief lines of interest to the last, though he was interested in all 
activities of man, looking upon them as biological phenomena. 
His last book, published in 1939, was on “The Natural History 
of Population.” In 1938 he gave a series of lectures at the 
University of Indiana with the title “Man; the Unique Mam- 
mal.” These were to have been published as a book to be en- 
titled “Man the Animal.” This book may yet appear ; the ques- 
tion of publishing it is as yet unsettled. 

In the later years Pearl’s family collaborated with him in 
scientific work. Mrs. Pearl took a large share in the editing of 
the journals. Their daughter Ruth D. Pearl collaborated with 
him in his studies of longevity, and was joint author with him 
of the book on the Ancestry of the Long-lived (1934). 

As became a student of the biology of man, Pearl was inter- 
ested in his own forbears, and this interest was a not unim- 
portant influence in his life. He and Mrs. Pearl collected the 
town histories of the region in which his family had lived — 
northeastern Massachusetts, southwestern Maine and southern 
New Hampshire. These contain full records of the Pearl 
family. The first to .settle in this country was John Pearl, who 
traced his ancestry to Pearls who entered England at the time 
of the Norman Qmeptest. He came to this country some time 
1 )efore 1670, and .settled ultimately at Boxford, not far from 
Salem, on a 200 acre farm that has belonged to the Pearl family 
or some of its brandies ever since. The house in which John 
Ik'arl lived was a l)arracks house, built for defense against the 
Indians. It was bought in 3926 by the Boston Museum of Fine 
Arts, and two of its rooms are now on display in the Museum 
as tlie best extant example of the builder’s art of early colonial 
times. The house has long been known as the ^Tearl-Webster” 
bouse, a daughter of the original John Pearl having married a 
Wel)vSter, their descendants continuing to live in the house. 
Kayniond Pearl descended from a second John, son of the origi- 
nal John Pearl This second John moved north from Boxford 
and settled in what i.s now the region of New Hampshire known 
as h^armington. All of Raymond Pearl’s ancestors go back to 
the original settlers of that general region; he was the first of 
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his line to leave Farmington and marry an outsider. ''Through- 
out his life he felt himself a north of Boston man and cultivated 
and cherished the sentiments and some of the prejudices of his 
people'", remarks his friend L. J. Henderson,^ 

The subjects of Pearl's works are precisely those aspects of 
biology that are of the most general interest. This fact, with 
his intense interest in the propagation of scientific knowledge, 
kept him in demand as a public lecturer. He was a s]X‘ciaI lec- 
turer at the State College of Iowa at Ames, in iQio, at llic 
Michigan Agricultural College at Lansing in I0i2, and at ITiii- 
versity College, London, in 1927. He gave the T^owell T.eclurcs 
at Boston in 1920, the Harrington Lectures at the University 
of Buffalo in 1928, the Heath Clark Lectures at University 
College, London, in 1937, the Patten Lectures at the University 
of Indiana in 1938. In the meantime he gave many single* lc‘c- 
tures and addresses in many parts of the United Stale's, iuedud- 
ing one of the commemoration addresses at the Llnive^rsity of 
Micliigan Centenary in 1937. 

Pearl's activities in many diverse fields hreuight In'm many 
honors and responsibilities. The University of Maine* confe‘rre*<I 
on him the degree of LL.D. ; Dartmouth C'olloge the* honorary 
degree of Sc.D. : St. John’s College, Annapolis, lliat of Litt.l), 
He was decorated as Knight (later Ofiicor) of the* C'rown of 
Italy. He was elected in 1940 Honorary Member of the* l^oyal 
Society of Medicine, in the Section of lii)ideniiology and State 
Medicine. 

He was' elected a member of the National Acfidc'my of Sci- 
ences in 1916 and was a niemher of its C^nincil from n)ic; to 
1925. He was also a member of the American I.diiloso])hical 
Society and of the American Academy of Arts and ,Sci<‘nces. 
He was a member of the National Research C.ouncil, kL'mlau' 
of its Kxecttlivc Council, and Chairman of its Agricultural (’om- 
mittcc in 1916-1918. He was a member of the Board of Visi- 
tors and Governors of St John's College, Annapolis, KjjH to 
1934; Trustee of Science Service 1929 to 1935. 

“Yearbook for 1940 of the American Philosophical Society, page 431. 
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He was Associate Editor of Biometrika from 1906 to 1910, 
of the Journal of Agricultural Research, 1914 to 1918. At the 
time of his death, beside his own journals, he was a member of 
the editorial boards of Genetics, the Journal of Experimental 
Zoology, Mctron, Biologia Generalis, and Acta Biotheoretica. 

He was President of the American Society of Zoologists in 
1913, of the American Society of Naturalists (1916-17) ; Presi- 
dent of the American Statistical Association (1939), of the 
American Association of Physical Anthropologists (1934 to 
1936) and of the International Union for Scientific Investigation 
of Population Problems, 1928 to 1930. 

Pearl was active in many directions outside the vast scientific 
and professional activities above outlined. He was socially 
prominent and popular, of wide acquaintance in America and 
England, and numbered among his friends some of the most 
interesting personalities of his time. At the clubs to which he 
belonged in Baltimore he gave excellent dinners. “There was 
his delight in being a connoisseur of good food and wines, and 
his almost boyish delight in playing at times the role par excel- 
lence himself of amateur cook and salad mixer’', says the cliar- 
acierizalion in “Dartmouth ’99.” We have seen that he was an 
amateur musician of unusual ability and drive. At times he 
nursed along an evening amateur musical ensemble, composed 
of members of his family and of neighboring families or of 
scientific associates. b''or a sshort time the present writer took 
])arl in one of these, clarinet in hand, till he discovered that he 
iiad not a rhythmic soul. Pearl belonged in Baltimore to a 
grou]) of choice. vS])irits centering about H. L. Mencken, which, 
ntider the name of the Saturday Night Club, met for social and 
musical pur])()ses. To the members of this club he dedicated 
his volume on “Alcohol and Longevity", with its cheering mes- 
sage. irel])ful in gravSjfing Pearl's points of view on the world 
and life is a small volume which he published in 1927, under the 
title “To Begin With, Ikung Prophylaxis AgaiuwSt Pedantry," 
'Phis takes the form of advice as to the background of reading 
appropriate to the student of science as a man of the world. 
Tho point of view is sophisticated and somewhat cynical; the 
book is appropriately dedicated to H. L, Mencken. 
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During the summer of 1940 Pearl was very tired. A medical 
examination revealed only a low blood pressure. The physician 
ordered rest and week-end trips to get out of touch with work. 
The second of these week-end trips was the one to Hershey, 
November 16. The afternoon was spent in the zoological park ; 
Pearl was tired but enthusiastic. He died that night, toward 
morning. The autopsy showed coronary thrombosis and a con- 
dition in the coronary artery that was bound to lead to ])rulonged 
illness or to sudden death. 
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(This bibliography was begun by Dr. Pearl himself and was completed 
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1941.) 
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On preparing earthworms for sectioning. Journal of Applied Microscopy, 
V. 3, p. 680. 
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General physiology. Journal of Applied Microscopy and Laboratory 
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Variation and correlation in the earthworm. I^iftli Annual Report 
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Fuller. 

Variation and correlation in Arcella. Ibid., pp. 202-204, By K. P. and 
Frances J. Dunbar. 

A statistical study of conjugation in Paramecium, Sixth Annual Report 
Michigan Academy of Science, pp. 184-185. By R. P, and Mary 
J. Burr. 

Relative variability of man and woman [In ** Research Club of the Uni-* 
versify of Michigan^] Science, N. S., v. 19, p, 73. 

The Michigan Academy of Science. Ibid., pp. 787-790. [Report of R, I\ 
as Secretary of the Academy.] 
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PP 32-35. 
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V. 3Q, pp, 87-8. 
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Biometrika, v. 4, pp. 13-104. 
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v. 40, pp. 757 - 7 () 8 . 

The calculation of the probable errors of certain constants of the normal 
curve. Hiomeirika, v. 5, p. 190. 

Variation in Chilomonas under favourable and unfavourable conditions. 
Ibid., pp. 53-72. 

Hibliograiihy. Ibid., pp. 210-212. [An annotated bibliography of current 
biometric literature. | 

Allgemeino Miologie und bbitwickelungslchrc. Zoologischer Jahreshericht 
fiir igoji, pp, 1-20. By Paul Mayer and R. P. 

J907 

Review of The Behavior of LoUwr Organisms by H. S. Jennings. Journal 
of Comparative Neurology and Psychology, v. 17, PP* 01 - 97 - 

A biometrical study of conjugation in Para^necium. Biometrika, v. $, 

pp. 213-297- 

[BOOK]. Variation and Differentiation in Ccratophyllum. Washington, 
D, C. (Carnegie Institution, Publication No. 58). Pp. 1-136, ['‘With 
the Assistance of Olive M, Pepper and Florence J. Hagle.”] 

Morpliogenctic localization in Aglaophenia. Science, N. S., v. 25, p. 781, 
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The physical characteristics of the insane. The Independent , July i8, 

1907, pp. 157-158. 

Bibliography. Bioinetrika, v. 5, pp 482-486. 

[BOOK]. Variation and Correlation in the Crayfish with Special Refer- 
ence to the Influence of Differentiation and Homology of Parts. 
Washington, D, C. (Carnegie Institution, Publication No, 64). 
Pp. 1-70. By R. P. and A. B. Clawson. 

Evolution and the origin of life. The Dial, October r, 1907^ PP- -08-211. 
Allgemeine Biologie und Entwickcliingslchre. Zoologist her Jahycshencht 
fur 1906, pp. 1-23. By Paul Mayer and R. P. 

Eugenics. New York Evening Post. Co. October 8, 1907. 

A case of triplet calves with peculiar color inheritance. Science, N. S., 
V. 26, p. 760. 

2908 

Breeding better men. The new science of eugenics which would elevate 
the race by producing higher types. The World's Work, January 
No., pp. 9818-9824 

Some results of a biometrical study of egg production in the domestic 
fowl. Science, N. S , v. 27, pp. 449-450. By R. P. and P'rank M. 
Surface. 

On certain points concerning the probable error of the standard deviation. 

Bioinetrika, v. 6, pp, 112-117. 

Bibliography. Ibid,, pp. 124-128; 445-451. 

An abnormality of the venous .sy.stem of the cat, with .sonu* consi<leratious 
regarding adaptation in teratological development Archiv jilr linh 
wicklmgsmechanik , Bd. 25, pp. 648-654. 

Biometrics. Recent contributions to theory. American Xafurulhl, v, 42, 
pp. 418-422. 

Eugenics. Book List No. 24. The Independent. 

Resection and end-to-end anastomosis of the oviduct in the hen, without 
loss of function. American Journal of Physiology, v, 2-!, pp. 357-361. 
By R. P, and Prank M. Surface. 

Review of Menial and Moral llcrcdiiy in Royalty, liy i'\ A. Wootls, 
Bioinclrika, v, 6, p. 445. 

Heredity. The Independent, August 13, pp. 376-377, 

Appliances and mcthod.s for pedigree poultry breeding. Maine Agrleul^ 
Htral llxperinicnt Staiion Bulletin 159, pp. 239-274. By K. 1 \ and 
Frank M. Surface. 

On the relation of race cros.shig to the sex ratio. Biological Build In, 
V. 15, pp. 194-205. By R. P. and Mau<l DeWilt Pearl. 

The organization and work of the Department of Biology of the Maine 
Agricultural Experiment Station. Maine Agricultural Experiment 
Station Circular No. 330, pp. 1-8. 

Review of Biology and its Makers, hy W. A. Locy. The Independent, 
October i. 
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Review of The Problem of Age, Growth and Death, by Charles Sedgwick 
Minot. Ibid., October. 

Great movements and leaders in biologic science. The Dial. 

1909 

The use of atropin sulphate in anaesthetizing birds for surgical experi- 
ments. Journal of the American Medical Association, v. 52, pp. 382-3. 
By R. P. and Frank M. Surface. 

Regulation in the morphogenetic activity of the oviduct of the hen. 
Science, N. S,, v. 29, p. 428. 

The nature of the stimulus which causes a shell to be formed on a bird’s 
egg. Ibid., p. 429. By R. P. and F. M. Surface. 

A note on the degree of accuracy of biometric constants. American 
Naturalist, v. 43, pp. 238-240. 

Evolution upside down. The Dial, v. 46, p. 24. 

Poultry notes — 1908. Maine Agricultural Experiment Station Bulletin 
^<55. PP- 29-48. By R. P. and F. M. Surface. 

Review of The J^hysical Basis of Civilisation, by T. W. Heineman. The 
Independent, p. 1070. 

Studies on the physiology of reproduction in the domestic fowl. II. Data 
on the inheritance of fecundity obtained from the records of egg pro- 
duction of the daughters of “200-egg’’ hens. Maine Agricultural 
Experiment Stalion Bulletin 266, pp. 49-84. By R. P. and F. M. 
Surface. [Abstract for popular distribution published as Maine Agri- 
cultural Experiment Station Circular si5i PP- I-4-] 

Data on variation in the comb of the doxnestic fowl. Biometrika, v. 6, pp. 
420-432. By R. P. and Maud DeWitt Pearl. 
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Technik und Methodik, Bd. i, pp. 285-299, By R. P. and F. M. 
Surface, 
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E, M. Surface. 
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Variation in Goniobasis virginica and Anculosa carinata under natural 
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Dr. Carrel ponders the nature and soul of man. New York Times Book 
Reviezu, September 29, pp. 3 and 23. 
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